FEBRUARY, 1961 
Vol. 15, No. 2 


technology 


a 


SEE RECIPE ON PAGE 3 


JOURNAL OF THE INSTITUTE OF FOOD TECHNOLOGISTS 


| 
a 
4 
A 
a | 
| 
a 
4 A 
|. 
| 


~ 


LEMON 


GELATIN 


‘Swiss 


pole, 
WHICH FLAVORS 
wit ourseL? 


Identical flavors to the eye, yes . . . to the taste, no. The basic difference in each case is the unique 
flavor of one—perfected to outsell—developed by IFF. 


Creating outstanding flavors for individual products is an experienced specialty of IFF. The result is a 
product which establishes brand demand, repeat sales, in a highly competitive market. 


And if you are in the international market, IFF can minimize problems of supply. Uniform manufacturing 
and quality control in all of its plants throughout the world assure customers that IFF flavors, wherever 
ordered, remain the same from batch to batch. 


For the flavors that outsell, contact IFF. 


«f° FLAVOR DIVISION 


INTERNATIONAL FLAVORS & FRAGRANCES INC. 
417 Rosehill Place, Elizabeth 2, N. J. 


Leading Creators and Manufacturers im the World of Flavor 


,ARGENTINA AUSTRIA BELGIUM BRAZIL CANADA ENGLAND FRANCE GERMANY HOLLAND INDONESIA ITALY NORWAY SOUTH AFRICA SWEDEN SWITZERLAND U.S.A, 


4 . q 
White Cake“ \ — STAR 
=S \ / / " 
: 


How many food products will just one new ingredient improve? 


Probably hundreds! In the case of Inverdex, the Flo-Sweet invert-dextrose 
liquid sugar, new uses are being discovered almost daily. Bottlers . . . canners 
... fountain syrups are finding that this remarkable sweetener adds to body and 
flavor, enhances quality, and often permits important production savings to 
be realized. 


Inverdex is just one of the new Flo-Sweet sugars developed to give you a 
combination of desirable characteristics never before available. For full in- 
formation, just consult your Flo-Sweet Engineer or write for the brochure 
“New Ingredients for New and Improved Food Products.” It tells all about 
four new Flo-Sweet liquid sugars! 


REFINED SYRUPS & SUGARS, INC. 


YONKERS, NEW YORK 


SERVING INDUSTRIAL SUGAR USERS EXCLUSIVELY 
FROM YONKERS, ALLENTOWN, DETROIT, TOLEDO 


A FEW OF THE FOODS 
INVERDEX IMPROVES: 


Flo-Sweet Inverdex—high purity 
liquid invert combined with doubly 
refined dextrose—is finding wide- 
spread utility in canning, packing, 
bottling industries, and in fountain 
syrups of many types. You'll want to 
try it for the new food products you 
are developing! 


4 


4 FIRST IN LIQUID SUGAR 


FLO-SWEET INVERDEZ ... for balanced body and sweetness 

q 

1 


institute 


technologists 


GENERAL ARRANGEMENTS CHAIRMAN 


MR. PAUL ORSAY 
INTERNATIONAL FLAVORS & 


FRAGRANCES, INC. 
417 ROGEHILL PLACE 
ELIZABETH 2. New Jersey 
PHONE: ELIZABETH 2.3450 ming wie 


COMMITTEES: 


oon Watch for Annual Meeting activity 
announcements in the MARCH and APRIL 


MACDONOUGH, issues of FOOD TECHNOLOGY 


FIELD TRIPS 
OR. J. C. BAUERNFEINO The 1961 Annual Meeting Committee (list at left) 


HOFFMANN.-LA ROCHE, INC 


anticipates that this will be the best attended An- 
=. DR. K. T. FARRELL nual Meeting held by the IFT. 
Corn Prooucts Co 
Better papers are planned, and suggestions gleaned 
over the years will be followed. 
COURTESY Over 120 food industry supplier companies will ex- 
hibit their wares in 144 booths—the largest Indus- 


CONTINENTAL BAKING Co.. INC 


trial Exhibit to accompany an IFT Annual Meeting. 


PUBLICITY 
paatinneds Gann GO. Look for field trip descriptions in the March FOOD 
TECHNOLOGY. 


REGISTRATION 
MR. H. CHENOWETH 
NATIONAL BisculIT Co. 


PLAN NOW TO ATTEND 
MAY 7-11 
Hotel Statler, N.Y. 


21st annual meeting « may 7 to 11, 1961 « statler hilton hotel e new york 


2 


u 
j 
» | 
- 
i EA 
$7 = 
i 
{ 
i 
PROGRAM 
| 
cit 
ci 
‘ 


Executive Editor 
Georce F. Strewarr 


Editor Emeritus 
C. Our 


Assistant Editor 
KELVIN DEMING 


Managing Editor 
Rosert C. SLUNDER 


Board of Editors 


C. P. Botton Reiw T. MILNER 
Ben A. I. Mora@an, Jk. 
RicHARD H. ForsytHe JAMES W. PENc! 
J. M. JACKSON W. M. URBAIN 


MAYNARD A. JOSLYN 


Business Manager 
CoLoNeL CHarues 8. LAWRENCE 


Advertising Manager 
R. C. SLUNDER 


Eastern Advertising Representative 
D. K. MaAcPHERSON 


Publication Office 
THe GARRARD PRESS 


Mailing Instructions: 

Editorial Office: P. O. Box 164, Davis, 
California. ONLY TECHNICAL MANU- 
SCRIPTS and associated material. A 
pamphlet, ‘‘Information and Sugges 
tions to Authors,’’ is available upon re- 
quest and was last printed in the 
January, 1961 issue of Foop TecHNOLoey. 


Business/Advertising Office: 176 W 
Adams Street, Chicago 3, Illinois. All 
other correspondence, news releases, mem 
ber subscriptions, changes of address 
(must be received at least two weeks be- 
fore date of issue), and claims for copies 
lost in the mails (must be received thirty 
days after issue, U.S.; ninety days after 
issue, foreign). 


Eastern {dvertising O ffice : 1465 Golf 
St., Seotch Plains, N.J 


Publication Office: 510 N. Hickory St., 
Champaign, Illinois. All requests for 
non-member subscriptions, back volumes, 
single copies, reprints, ete. Requests for 
a single reprint should be addressed to 
the author. 


Foop TECHNOLOGY is published by the 
Institute of Food Technologists and 
printed by The Garrard Press. 


Copyright, 1961, by the Institute of 
Food Technologists. 


Mailing Permit: Entered as second 
class matter, Feb. 25, 1947, at the Post 
Office at Champaign, Illinois under the 
Act of August 24, 1912. 


Subscription Rates. Domestic, U. 8. 
Territories, Canada and Mexico $11.00; 
Central and South America $12.00 plus 
$1.00 postage; all other countries $12.00 
plus $2.00 postage. Single copies, Domes- 
tie $1.50 each; Foreign $1.75 each, both 
prepaid. Subscriptions are entered on a 
ealendar year basis only. In the event a 
subscriber cancels, no refund will be 
made. 


Responsibility for statements, points of 
view, and mention of commercial products 
rests solely with the author, and is not an 
endorsement by the Institute of Food 
Technologists. 


FEBRUARY, 1961 
Volume 15, Number 2 


toad technology 


features 


Microbiological Standards for Foods 4 


research 


Gelation of Canned Peas and Pinto Beans as Influenced by Processing 


Conditions, Starch, and Peetie Content 41 
Moisture Formation in Dehydrated Lemonade 7 


Effect of Alternate Freezing and Thawing on the Ascorbie Acid Content 


of Frozen Vegetables 0 
Gas Chromatography of CO., H,, O., and N, in Processed Foods 52 
Storage Changes in Frozen Fish: 

A Comparison of Objective and Subjective Tests 55 
Relation of Backfat Thickness on Hog Careasses to Marbling, Cooking 

Yield and Eating Quality of Pork Chops 57 
Estimation of the Protein Content of Milk by Dye Binding 

with Buffalo Black 63 
Effect of Acid Level, Calcium Salts, Monosodium Glutamate, and 

Sugar on Canned Pimientos 67 


The Use of Light Transmittance Techniques to Estimate the Chlorophyll 
Content and Stage of Maturation of Elberta Peaches 7 
The Water Binding Capacity of Fresh Pork. I. 
The Influence of Sodium Chloride, Phosphate, and Polyphosphate 


on Water Absorption 79 
The Water Binding Capacity of Fresh Pork. IT. 
The Influence of Phosphates on Fat Distribution in Meat Products 87 


The Water Binding Capacity of Fresh Pork, IIT. 
The Influence of Cooking Temperature on the Water Binding 


Capacity of Lean Pork 90 
Gamma Radiation in the Control of Decay in Strawberries, 

Grapes, and Apples 94 

Oxygen-Seavengering Packet for In-Package Deoxygenation 99 


departments 


Advertisers’ Index 24 Future Meetings 18 
Book Reviews 16 Industry Bulletins 18 
Classified Advertising 25 Industry News 20 
Equipment 19 Personnel 22 


FEBRUARY COVER. Recipe: 1) IFT Member or other individual; 2) 


=> interest in increasing the number of adequately trained Food Technok 
gists; 3) willingness to further this activity; 4) piles of money. Take 
food technology item 1, add 2 ec. of items 2 and 3; form a slurry. Separate impurities 


and destroy with other radioactive wastes. Pour remainder over item 4. 
Ferment one to four years 


ee Your aid is invited in “making’’ the above recipe Demand for 
- individuals with food technology training is, according to our Education 


- Committee, more than double the present supply. The IFT provides item 

“4 4 above, in the amount of $25,000 annually to encourage students to 

pursue studies in the area of food technology. Ten #300 scholarships 

Nii cao to incoming college freshmen, eight $1,000 scholarships to students with 

third year standing, two $1,000 fellowships and three $4,000 fellowships 

for graduate study, are awarded to deserving students each year. Help 

give this money away by telling those you know in this age group of the 

IFT scholarships and awards. Competition has been keen, and with realization of this fact, interest 
and actual quality of future food technologists will reach new heights in the years to come. 


Photograph depicting the IFT pot of gold furnished by the Consolidated Water & Paper 


Company. 


3 


| 

| 

| lf 

| | 
i 
| 

| | 

| 

| 

£ | 

| 
| 

— | 


Microbiological Standards for Foods 


SUMMARY 


In operating a bacteriological standard, one chooses a num 
ber as standard, and compares with it an experimentally 
observed number. Ways of choosing the standard number are 
diseussed. The statistical uncertainty of the experimental ob 
servations is emphasized, and its dependence on the sampling 
method and examination technique. It is desirable to establish 
an objective numerical basis for any standard; to determine 
the variability of the number recorded by the standard method 
of examination; and to base the specification on statistical 
tests which take account of that variability. 


Mosr MICROBIOLOGISTS would agree 
that microbiological standards for foods can serve a 
useful purpose, in three main respects: 1) to control 
the risk from pathogenic organisms; 2) to ensure that 
the food has never been grossly contaminated; and 
3) to give the expectation of reasonable life in storage, 
i.e., an estimate of perishability. 

The reasons, practical and ethical, for desiring these 
things have been amply considered (e.g., Thatcher, 
1955; Mossel, 1956a; Buttiaux and Mossel, 1957; 
World Health Organisation, 1953), and the methods 
commonly used in Europe, for various classes of 
foods, have been thoroughly described and documented 
(Mossel, 1956a; Buttiaux, 1957). There is neither 
need nor time to repeat their material here, though 
two points may be remembered: the complexity and 
cost of the examinations entailed in such standards 
strictly limit what is practical; and one should not 
require a standard that is unattainable, or unverifi- 
able. 

This paper is concerned with some of the general 
technical problems encountered in operating a stand- 
ard. The essence of the matter is that a certain quan- 
tity is chosen as reference, and the corresponding 
quantity determined for the food is compared with it. 
The question therefore resolves into two parts: 1) 
choice of the reference index, and 2) determination 
and interpretation of the quantity measured. 


CHOICE OF A STANDARD 


For protection against pathogenic hazard, the choice 
is deceptively simple: the usual wording is, roughly, 
**pathogenic organisms and their toxins . . . must be 
absent.’’ 

The alternative is to choose some more readily de- 
tectable ‘‘indicator’’ organism from the same source 
as the pathogen, and limit the numbers of the indi- 
eator. The best known example is use of the Es- 
cherichia coli count as an insurance against enteric 
pathogens. Because the indicator organisms cannot 
be certainly recognized as such and counted, save by 
growing clones, the diagnosis must be based on the 
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M. Ingram 
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number of viable cells: which, however, may change 
radically with processing and storage, leading to 
difficulties in choosing the standard. A thoroughly 
investigated example has been dried egg, in which 
salmonellas and coliforms dwindle rapidly during 
storage whereas the enterococci persist with little 
diminution (Fig. 1). In such case should enterococci 
be the standard, continuing to register fecal pollution 
even though salmonellas might be absent ? 
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Figure 1. The survival of fecal organisms in spray-dried egg 
stored at 10° C (Brown and Gibbons, 1950). 


After the indicator organism is chosen, a second 
difficulty arises: what number shall correspond to 
what particular risk? Table 1 gives, for example, the 
British tolerances for coli-aerogenes bacteria in water. 
How was it first decided that these figures represent 
an acceptable risk of gnteric infection whereas at 
higher levels the risk becomes unacceptable? The fig- 
ures must, at first, have been largely arbitrary, even 
if now justified by long experience. 

Lately, however, a different and more factual ap- 
proach has been made to the problem, from the ob- 


TABLE 1 


British standards for the coliforms count in water supplies 


(Ministry of Health, 1957) 


The following classification is suggested 


Coliform count Bact. coli I count 
per 100 ml per 100 ml* 
0 0 
1-3 0 
4-10 0 
greater than 10 0 or more 


* The presence of Bact. coli | immediately places the sample in Class 
4. 

Throughout the year 50 per cent of samples should fall into Class 
1; 80 per cent should not fall below Class 2; and the remainder should 
not fall below Class 3. 


— 
4 
on 
‘ 
| 
: 


FOOD TECHNOLOGY, FEBRUARY, 1961 


servation that food poisoning is usually associated 
with high bacterial counts. With meat and meat prod- 
ucts, for example, it was suggested that restriction to 
counts below 10°/g (at 37 should eliminate most 
outbreaks of food poisoning from this source (Fig. 2) ; 
more extensive examinations, however, now indicate 
that this suggestion may not hold for fresh meats 
(Hobbs and Greenwood Wilson, 1959). 


ICE CREAM 


MEAT 
MEAT PROOUCTS 


0 


origin oF POISONING 


Figure 2. The relation between the bacterial count of foods 
and the incidence of food poisoning associated therewith (un- 
published data, Dr. Betty C. Hobbs; cf., Hobbs, 1953). 


If the standard is the ability of food to withstand 
storage, probably the best guide is the number of 
viable cells or some biochemical activity related to 
that number. 

For such a standard to provide useful information, 
the organisms enumerated must, obviously, be those 
likely to spoil the particular food under particular 
conditions of storage. Two examples with meat illus- 
trate this. During storage near the freezing point, 
spoilage is by surface growth of cold-tolerant pseudo- 
monads, and their initial number is directly related 
to storage life (Haines, 1953); for 14 days’ storage 
at 0°, the standard for beef would be a psychrophilic 
count <500/sq em. For whalemeat on the careass, in 
contrast, the maximum tolerable standard at 37° was 
indicated as 10* clostridia per g, because their rate 
of multiplication is tenfold per hour, and 3-4 hours 
are required for processing the carcass and chilling 
the meat. This principle is not new, but it has lately 
been emphasized by Mossel, who has based on it 
simple techniques for estimating the storage life of 
several foods, briefly reviewed by Mossel and Ingram 
(1955). 

Where speed and simplicity are all-important, the 
microbial population may be estimated from a bio- 
chemical measure of its activity if that activity corre- 
lates well with the number of living cells or the keep- 
ing quality of the food. The classic example of such 
a test is the methylene blue test for milk, later ex- 
tended to ice cream. In the techniques of Mossel, just 
mentioned, special advantage derives from choosing a 
biochemical activity related to the nature of the spoil- 
age in the food, e.g., gelatin liquefaction for proteo- 


lytic breakdown of meat. 
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It is rarely, however, that a perishability standard 
can be so clearly indicated as in the two foregoing 
examples, if only because the conditions of storage 
are seldom so well defined. A tolerable viable count 
for spray-dried egg that is relevant to the life of the 
egg after reconstitution will obviously depend on the 
conditions to which it will then be subjected, which 
may be uncertain. The U. S. standard (McFarlane 
et al., 1947) was 300,000/¢ (after 72 hr ineubation 
at 30°), and the Canadian was 500,000/g (after 48 hr 
at 37°) (Johns, 1944). These superficially similar 
standards for the same food are in fact different, not 
only in number but in kind, which emphasizes the un- 
certain basis on which the choice rests. 

The problem of detecting gross contamination is in 
some respects simpler, for one is looking for very 
large numbers of organisms—more or less regardless 
of their nature in detail. It is therefore possible to 
count them under the microscope. This procedure has 
the further advantage that, since the dead cells mostly 
pass through normal processes, the direct microscopic 
count is a cumulative record of the previous history 
of the food. The Breed count for milk and the How- 
ard count for fruit products were of this kind. 

What, however, constitutes gross contamination ? 
This obviously depends on the food. In a food that 
should be nearly sterile, e.g., pasteurized milk, 10° 
bacteria/g would clearly indicate undesirable con- 
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PROCTOR & SCHWARTZ, INC. 
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tamination ; but the same number is entirely normal 
in traditionally cured bacon. The standard here can 
be chosen only from experience of normally good 
practice. 

The choice may be entirely arbitrary, but this seems 
unwise. In the U.S. A. it is reported (Tanner, 1944, 
p. 854) that a maximum viable count of 10° per g, 
first suggested for ground meat, was raised to 10° 
per g when it was found that most commercial ma- 
terial exceeded the lower figure. More commonly, one 
adopts some ‘‘average’’ of conditions occurring in 
practice. Though there is nothing fundamental about 
such standards, they were used most effectively in 
controlling dehydrated egg in Canada and _ the 
U.S. A., and dehydrated vegetables in Britain (Table 
2). They have the supreme merit that their basis is 
readily understandable by all concerned. 


TABLE 2 


Frequency distribution of bacterial counts in dehydrated 
vegetables (from Rishbeth, 1947). Results of examination 
of samples received from 18 British factories over the 
period March, 1944, to March, 1945, are summarized 


87° 55°C 
Total <107 102 10° 10° 108 107 108 | 10% 108 
Potato 82 10 27 26 2 6 6 -— 


1 7 
Cabbage 156 1 5 7 17 4! 73 59 24 


| 1 1 1 1 1 Toxic 
| 0-% 20 200 2,000 20,000 0 % 20 | strains 
|. 
Potato 65 12 5 - 60 15 7 1 
Cabbage 34 19 20 30 53 a24 78 49 5 


*5 samples unrecorded. 


DETERMINATIONS OF BACTERIAL CONTENT 
OF FOOD 


Having briefly considered the choice of reference 
number, let us turn to the corresponding determina- 
tions actually made on the food. 

First, it is impractical to demonstrate the absence 
of pathogens, or anything else, by examining an ali- 
quot, often small, of the food. A realistic form of 
wording is ‘‘salmonellas must be absent from 50 g,’’ 
or whatever quantity is chosen. The standard then be- 
comes a number, in this case 0.02 per g. It is inter- 
esting to reflect how this type of standard has, half 
unwittingly, been made much more severe, from 1.0 
per g to 0.1 per g and now 0.02 per g, as the quantity 
of food routinely examined has risen from 1 through 
10 to 50 g. 

Even if the specification is in the better form of 
‘‘salmonellas must be absent from 50 g,’’ the essen- 
tial difficulty remains, however. As an illustration, 
my colleagues have just made a pilot-seale demon- 
stration that salmonellas were ‘‘eliminated’’ from 
about a ton of frozen egg in 10-kg cans. The fact 
remains, however, that, at best, only 100 g of egg 
were examined per can, so the chances that our result 
actually applied to the entire ton are less than 1 in 
100, a feeble security indeed, though the experiment 
looks impressive. There is a danger, of course, with 
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the selective media normally used, that debilitated 
bacteria will not be recovered from an unfavorable 
substratum (Buttiaux and Mossel, 1957) ; the danger 
has been specifically demonstrated for salmonellas in 
frozen foods ( Hartsell, 1951). This difficulty has been 
best displayed in the search for salmonellas in spray- 
dried egg, where all observers have found serious dif- 
ferences between replicate samples (e.g., Medical Re- 
search Council Report, 1947: Gibbons, 1947; Adam, 
1956). 

The foregoing examples underline the weakness of 
all practical methods of examinations: their  statis- 
tical uncertainty. This is well recognized as true of 
dilution counts, e.g., for coliforms, which do not pre- 
tend to be accurate though they are often used in 
standards as if they were. Equally the likelihood 
small that the same numbers of bacteria will be re- 
covered from successive samples of even the same lot 
of food, whatever the method of examination. One 
may imagine that the numbers might have a log 
normal distribution, though there are no data ade- 
quate to test this supposition. Observations of Johns 
(1951) give a striking illustration of the difficulty. 
With 0.1-¢ portions of gelatin, replicates were obvi- 
ously variable in the extreme (Table 3) ; the variabil- 
ity was reduced by using larger samples (Table 4), 
and also a little by homogenization, which, however, 
Evidently, 
variation, which the technique 


reduced the count somewhat (Fig. 3). 
there may be a large 
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TABLE 3 


Variation between bacterial counts on replicate 0.1‘; 
samples of gelatin (Johns, 1951) 


Original 


No 
Sample repli Min Max Ay — 
cates portion 
A <100 RR 5.200 12,000 
B 30 100 6,700,000 540,000 
<100 $10,000 15.000 
D 0 100 2 900 260 <n 
7,300,000 5,000,000 | 15,000,000 | 
40 50 | 1,200,000 68,000 1,000 
G <100 | 14,000 


must be designed to minimize. Even at best, with a 
heterogeneous product like gelatin, counts on succes- 
sive samples may differ several-fold; though with a 
liquid food, previously mixed, the differences are usu- 
ally only a few per cent. 


40 


305 30 45 ° 
TIME (SECONDS) 
Figure 3. The effect of period of homogenization (Waring 
blender) on the average and standard deviation of the bacterial 
count of gelatin (from data of Johns, 1951). 


Further, where a batch of food is in units (cans or 
packets) of which only a portion can be sampled, it 
is usually impractical to take a high enough propor- 
tion to get a satisfactorily significant result (Mossel, 
1956b). 
make repeated examinations. But, in the end, this 
only gives a probability that batches with any par- 
ticular percentage of defectives will be rejected (Mos- 
sel, 1956b). 

With dye reduction tests and the like, the diffieulty 
is that they do not correlate perfectly with other in- 
dices of quality. For instance, slow reduetion of 
methylene blue in ice cream correlates with plate 
count only broadly (Table 5); and though there is a 
good correlation with coliform counts (Table 6), the 
recommenders of the test themselves concluded that 
neither count is related to fecal pollution in this prod- 
uct. Table 6 suggests, nevertheless, a marked genera! 


The only way to improve the situation is to 
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improvement resulting from three years’ use of the 
methylene blue test. 


TABLE 4 


The relation between size of sample and variation between 
bacterial counts on replicate samples of gelatin 
(Johns, 1951°) 


Sample 
D G 

11-g portions 

Mean count £0,530 1,360 105,414 7,224 

78,600 3,740 294,600 18,720 

MinimumM..........00.00000 22,420 280 30,760 1,600 

Ratio min : max 1 ) 1:13 1:9.6 1:12 
1-g portions 

Mean count per g 1,920 146 4,704 4,016 

Maximum...... ae 10,020 420 25,000 11,500 

asesccscesnticeesnsat 100 20 20 100 

Ratio min : max 1:100 1:21 1:1,250 1:115 


* Quintuplicate plates were poured for each of 10 replicate portions of 
both sizes of sample 


TABLE 5 


Relation between reduction of methylene blue and plate count 
for ‘‘Hot Mix’’ ice cream (from M.O.H. and P.H.L.S. 
Monthly Bull. 6, p. 66) 


Hr to No. samples No. samples with plate 
reduce reducing count (thousands/ml) 
methy! methyl. 

blue blue 0-10 10.1-100 101-100 >1000 

4% 188 163 22 3 0 
2%-4 83 40 30 10 3 

% —2 81 20 28 23 10 

0 88 8 19 39 27 


FEBRUARY, 1961 


TABLE 6 


Relation between methylene blue reduction and incidence of 
coliforms in ‘‘Cold Mix’’ ice cream (abstracted from 
M.O.H. and P.H.L.S. Monthly Bull. 9, page 235) 


Presumptive Fecal coli per 


coliforms per 0.1 ml after pre- 
0.1 ml incubation at 20° C 
blue 1946 1949 1946 1949 1946 1949 

4 fe i4 98 7 19 3 4 
2%—4 11 30 5 14 2 2 
31 15 14 11 6 
0 38 138 ov 15 18 4 
Totals 89 177 r¢ 62 4 16 


LEGAL ASPECTS 


If microbiological standards are to be promulgated, 
it is evidently necessary to give them sufficient legal 
force to prevent fraud. But, in view of the limitations 
described, that may not be easy. 

First, the exact level of the standard may be hard 
to justify. For example, in 1911 Howard published 
his mold count standard for tomato pulp, suggesting 
25% positive fields as the tolerable limit, but at about 
the same time the officially promulgated limit was 
66%. This discrepancy is said to have been the cause 
of frequent comment in court actions until the official 
figure was reduced to 20%. The words of Thatcher 
(1955) may well be echoed here: ‘‘It is the subjective 
nature of such decisions that offers the greatest ob- 
stacle to the use of microbiological standards.’’ 
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THE SIGN OF 


SINCE 1884 


CULTURED BUTTER FLAVORS 
SPRAY-DRIED POWDERED FLAVORS 
ESSENCES EXTRACTS EMULSIONS 

SPECIAL FLAVOR BLENDS 


The facilities of our laboratories and 
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new P-K solids-processor* performs up to 


solids processing 
operations 


*Patented and Patents Pending 


1. Precision gentle blending 
2. Intensive blending 
3. Liquid-solids blending 
4. Granulation of solids 
5. Vacuum drying of solids 
6. Coating of solids 
7. Heat sterilization of solids 
8. Gas sterilization of solids 
9. Chemical reaction of solids 


10. Heating or cooling of solids 
(Many of these operations can be performed under vacuum ) 
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The P-K Solids Processor gives you many exclusive opportunities for savings — 
in quality control, equipment, time, manpower, space. It not only combines vacuum 
drying and liquid-solids blending in one fully packaged unit for the first time, but it also 
performs in a simple sequence more operations in a single unit than ever before possible. 


DRY BLENDING— With this latest P-K ‘“Twin-Shell’’ development you can tumble solids 
to give gentle precision blending. This may be done under vacuum or atmospheric 
conditions, in inert or sterilizing gas, with heat in jacket up 200°F., or with cooling 
through jacketed shell. If required, intensifier bar action breaks up agglomerates or 
gives uniform dispersion of difficult materials such as pigments. 


LIQUID DISPERSION, GRANULATING — You can disperse controlled amounts of liquid 
uniformly into solids. Fluids of any viscosity can be handled. 

Dispersion can be sufficiently intimate to provide a lump-free powder. Or you 
can regulate it to produce granulations of controlled size. As in dry blending, you can 
conduct these steps under vacuum or atmospheric conditions, in inert or sterilizing gas, 
or with cooling or heating through jacketed shell. 


VACUUM DRYING — You can use the P-K Solids-Processor to vacuum dry heat sensitive 
materials. A separately actuated agitator speeds drying to a finished fine powder or con- 
trolled granule. In final stages of drying, direct hot air or gas can be introduced. 

All P-K Solids-Processor systems are completely packaged. Available in stand- 
ardized models with charge capacities from one to fifty cubic feet. 


PRE-TEST SERVICES — A production model of the new Solids-Processor is available for 
pre-testing at our Pre-Test Laboratory in East Stroudsburg. Standard, intensifier and 
liquid-solids ‘“Twin-Shell” Blenders are also available . . . as are packaged vacuum 
tumble dryers (conical type) and ribbon blenders. 

Using your materials, P-K engineers can demonstrate things impossible to see 
without pilot study ... work out subtle variables in blending, granulating, drying... 
indicate scale-up results and operational procedures . . . and predict savings in materials, 
labor, investment. 

You'll gain the most by making the trip personally to East Stroudsburg. Your 
guidance will be helpful. If you cannot make the trip, send your materials. 

All P-K equipment is completely described in P-K’s new 
process catalog No. 16-P. For your copy or to make pre-test arrange- 

ments, write or phone George Sweitzer 
at Stroudsburg, Hamilton 1-7500. 


Patterson Kelley 


Chemical and Process Equipment Division 
182 Burson Street, East Stroudsburg, Pa. 
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One type of standard largely escapes the objection 
of being subjective, by being based on some level of 
actual performance. But another difficulty arises: 
to impose an ‘‘average’’ as standard must mean that 
about half the samples would exceed it; with a more 
strict standard the proportion would be higher. (A 
glance at Table 2 illuminates the point.) Though 
wishing for a radical improvement, one may well hesi- 
tate to impose, all at once, a standard that would 
expose the larger part of an industry to legal proceed- 
ings. 

Second, there is the impossibility of arriving at a 
definite and unambiguous figure to represent the con- 
dition of the food. In a legal action, British law 
requires evidence from two samples, one held by the 
prosecutor, the other by the defendant. If these dis- 
agree, which is very likely, a third must be examined. 
That will be likely to be different too: what is worse, 
it will probably not be strictly comparable, for bac- 
terial composition is much more likely than chemical 
composition to have altered while the preliminary 
proceedings were going on. 

It must be admitted that these difficulties do not 
make for simple and precise legal procedure. 


RECOMMENDATIONS 


What, then, are we to recommend, recognizing that 
many situations call for an improvement that can be 
effected only through standards, and that these must 
ultimately be incorporated into law? 

First, rely on other procedures as far as possible. 
One does this already, when a bacteriological standard 
is manifestly impossible to operate: for example, to 
secure the unmeasurable inactivation of 10° for 
Clostridium botulinum spores, one uses adequate heat 
or radiation treatments; and one controls milk pas- 
teurization routinely with a phosphatase test, not by 
examining for the tubercle bacillus. Similarly, pas- 
teurization of egg-products (Ingram and Brooks, 
1952) or of imported feeding-stuffs (Hobbs, 1957) 
seems likely to be far more effective than bacteriologi- 
cal control for salmonellas. Inspection of factories can 
be a great help, though not all-sufficing (Buttiaux and 
Mossel, 1957). 

Second, where a microbial index is essential, an 
objective foundation for the standard should be es- 
tablished by demonstrating a relation, as far as pos- 
sible numerical, between the standard and the hazard 
to which it relates, as attempted in Fig. 2. Obviously, 
the foundation will be securely established only in 
proportion to the amount of material covered in the 
demonstration. 

Third, we must amend the phraseology ‘‘ pathogens 
must be absent’’ or ‘‘the count .. . must not exceed 
10* per g’’; and recognize the essential variability 
in some such terms as ‘‘not more than 30% of counts 
may exceed 10* per g.’’ This will mean, of course, 
that the average standard in practice must be lower 
than the specified figure, by an amount depending on 
the variability associated with the food and the tech- 
nique of examination; and, to avoid too painful a 
discrepancy, the variability must be minimized by de- 
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veloping appropriate methods which, obviously, must 
be strictly adhered to. The proportions of defectives 
allowable should also be stated, on the basis of a par- 
ticular sampling system laid down. It will at once 
be recognized that standards are rarely expressed in 
such a manner, though a preliminary approach has 
just begun in Britain (Hobbs, 1959), and a tolerance 
of one substandard lot in four was allowed in the 
Canadian dried-egg specification (Johns, 1944). Yet 
the essential principles are plain, have been in wide 
circulation for several years, and are indeed in fre- 
quent use for controlling much less variable quanti- 
ties than bacterial numbers, e.g., manufacturing toler- 
ances in engineering. What is chiefly needed in food 
microbiology are many more detailed investigations, 
similar to that of Johns (1951) for gelatin, of par- 
ticular foods used in particular ways, with particular 
sampling systems and methods of examination to de- 
fine the statistical uncertainty so that it can be in- 
cluded in the terms of the specification. 

Correspondingly, one will have to examine enough 
replicates to establish the range of variation in any 
suspected lot of food. When this is established, there 
are statistical tests to decide, with any desired degree 
of certainty, whether the food differs from the stand- 
ard. The degree of certainty required will be an es- 
sential part of the specification. It is undeniable that 
this means much work; it is equally obvious that re- 
sults with only one or two samples carry no conviction. 

Finally, because, with rare exceptions, the standard 
first chosen is likely to be in some degree arbitrary, 
it seems wise to introduce it on a tentative basis, al- 
lowing for modification in the light of experience. The 
level ultimately adopted is then likely to have gained 
wide acceptance; and the improvement that follows 
introduction of the standard will provide the best 
possible justification for giving it the final foree of 
law. 
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Gelation of Canned Peas and Pinto Beans as 


Influenced by Processing Conditions, 


Starch, and Pectic 


(Manuscript received September 26, 1960) 


SUMMARY 


The starch content, water-soluble pectic fraction, and the 
sodium hexametaphosphate-soluble fraction of the brine cover 
ing canned dry-line blackeye peas were each correlated with 
the degree of gelling or clumping of the canned product. The 
same was true for canned dry-line pinto beans. At equivalent 
bacteriological lethalities, processing at temperatures from 
230° F to 270° F did not significantly affect the amount of 
starch or pectic fractions leached from the legumes. As the 
proportion of fill-in brine was increased, the degree of gelling 
decreased. Legumes rehydrated by soaking in hot water gelled 
less than did those rehydrated in cold water. Treatment of the 
peas and beans with pectolytic and amylolytic enzymes, ealeium 
chloride, or sodium hexametaphosphate influenced the extent of 
gelling or the characteristics of the gel. 


Darosrrion OF A SLUDGE in the bot- 
tom of the container, clumping of the product, or 
gelation en masse are quality defects to which canned 
peas and beans are sometimes subject. Such faults 
may occur in canned pork and beans, other dry-line 
products, or succulent legumes. 

The study reported herein had two main objectives. 
The first was to ascertain the effect of certain prepara- 
tion or processing variables on gelation of canned 
blackeye peas (Vigna catjang) and pinto beans 
(Phaseolus vulgaris). The second objective was to 
investigate the possible relationship of the starch and 
pectic content of these legumes to gelation of the 
canned product. 

In an earlier publication, Maleom, Powers, Lopez 
and Pratt (13) reported that gelling of canned suc- 
eulent field peas (Vigna sinensis) was eorrelated in 
part with the alcohol-insoluble-solids (AIS) and 
starch content of the peas. However, variety and 
maturity factors other than AIS and stareh con- 
tent also influenced gelation. After studying gela- 
tion of canned green peas, Siddippa and Das (20) 
reached almost an identical conclusion. Das, Sid- 
dippa, and Lal (5) found that some varieties of 
soaked dry peas stuck together in the can or deposited 
a slimy material in the container whereas other va- 
rieties were free of such faults. Kramer, Mahoney, 
Stephenson, and Marks (12) concluded that a gum 
was the gel-forming substance present in succulent 
soybeans. 


“Approved as Journal Paper No. 140, College Experiment 
Station, College of Agriculture, University of Georgia, Athens, 
Georgia. 

» Portions of the data are taken from the Master of Science 
thesis of James B. Joiner, University of Georgia, 1958. 

Present address: W. B. Roddenbery Company, Cairo, 
Georgia. 


John J. Powers, Dan E. Pratt, and 
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Bigelow and Fitzgerald (3) described means where- 
by varietal or compositional tendencies to gel could 
be offset in part by varying the soaking or blanching 
procedures. One of the most exhaustive studies in- 
volving rehydration of dry beans was conducted by 
Snyder (21). She noted that some dry beans, termed 
‘‘hardshells,’’ did not become rehydrated during the 
course of 15 hours’ soaking at room temperature. She 
observed differences in the pectic content of the seed 
coat which were partially correlated with normal and 
sub-normal imbibition of water. Other investigators 
(1, 7, 8) have suggested that cholinesterase activity, 
phosphorus content, and phytin content influence 
imbibition and the tenderness of soaked dry peas. 
Gloyer (9) investigated the frequency of hardshells 
among different varieties of beans, but Morris, Olsen, 
and Brown (16) reported that hardshells were not 
too serious a problem in the canning of beans because 
the heat of processing tended to soften them. Holm- 
quist, Schmidt, and Guest (10) observed that sodium 
hexametaphosphate added to the blanching water or 
to the brine of canned Alaska peas softened the peas 
but that excessive amounts caused gelling of the brine. 

In a study ancillary to the one reported here, 
Powers (18) observed that blackeye peas and pinto 
beans rehydrated in solutions adjusted to pH. levels 
from 4.0 to 9.0 imbibed water at different rates. The 
peas rehydrated at the higher pH levels were more 
tender as judged by shear-press measurements; maxi- 
mum imbibition did not necessarily yield the most ten- 
der product. Snyder (21) reported that imbibition 
was slower in weak acid solutions than in water. 

Culver and Cain (4), while studying discoloration 
of canned blackeye peas, noted a beneficial side effect 
when aluminum salts were added to the blanching 
water. The viscosity of the brine covering the canned 
product was reduced when the peas were blanched in 
solutions containing aluminum salts 

Powers et al (19) found that clumping of canned 
blueberries was caused by surface wax on the skin and 
that agitation during cooling minimized clumping. 
Mills (15) observed that agitation of canned pork and 
beans during cooling likewise contributes to freedom 
from clumping. 


EXPERIMENTAL 


Dry products. The blackeye peas and pinto beans used in 
this study were standard commercial varieties. Upon being 
purchased, the dry ‘peas and beans were promptly repacked in 
2- or 5-gal. jars, sealed, and stored in a cool place so as to keep 
replicate lots as uniform as possible. 
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Rehydration. The dry product was rehydrated in two ways, 
designated as ‘‘cold soak’’ and ‘‘hot soak’’ herein. Peas (or 
beans) to be cold soaked were washed and then soaked for 15 
hr in tap water at room temperature. After soaking, the excess 
water was discarded and the peas washed again. Sufficient 
water was added to cover the peas in a steam-jacketed kettle 
and the water was brought to a boil to heat the peas. The peas 
were filled into cans, and the hot water in which they had been 
heated was used to make the brine. 

The peas to be hot soaked were washed and then rehydrated 
by soaking for 45 min in water at 200° F. The liquid in which 
they were soaked and heated was later used to make the brine. 

Fill-in weights. The heated, rehydrated beans and peas were 
weighed into No, 2 cans at fill-in weights of 341, 284, and 227 g. 
Brine was added, respectively, at levels of 227, 284, and 341 g. 
The ratios of rehydrated legumes to liquid were thus: 1.5: 1.0, 
1.0: 1.0, and 0.67: 1.0. The filled cans were exhausted and sealed 
with the contents at approximately 180° F. 

The rehydrated legumes were also vacuum packed at fill-in 
weights of 341, 284, and 227 g with 40 ml added brine. The 
eans were sealed in a 25-inch vacuum, 

Processing times. The brine-packed legumes were processed 
at the following time-temperature combinations: 125 min at 
230° F, 45 min at 240° F, 20 min at 250° F, 12 min at 260° F, 
and 9 min at 270° F. The processing times for the vacuum- 
packed legumes at the same temperature were, respectively, 
130, 50, 25, 16, and 12 min. The cans were spray-cooled. Pre- 
liminary investigation and ecaleulations (2, 11) showed that 
the time-temperature combinations above gave about the same 
sterilizing values. 

Analytic methods. The pectic substances in both the brine 
and the peas or beans were determined by the method of Dietz 
and Rouse (6). The method of MeCready, Guggolz, Silviera, 
and Owens (14) was used to measure the total starch content 
of the brine and the legumes. The AIS content was determined 
by the A.O.A.C, method for canned peas (17). 

Evaluation of gelling. Although an objective method was 
used in the previous study (13) to measure viscosity, subjective 
estimation of the degree of gelation was employed throughout 
this investigation. As before (13), no objective method was 
entirely satisfactory because of the limited amount of gelled 
material available for analysis under some of the experimental 
conditions. A panel of 4 judges thoroughly familiar with gell- 
ing of canned peas was utilized to evaluate the severity of 
gelation. A hedonic seale was employed with numerical values 
ranging from 1 for a very strong gel to 5 for complete absence 
of gelling. 

Enzyme treatment. Pectinol 16-75, Pectinol 181-150, and a 
high-temperature alpha-amylase, designated as W-106-F by the 
Wallerstein Company which furnished the enzyme preparations, 
were added to the soaking water and to the brine-packed 
product prior to exhausting to study the action of the enzymes 
on gelation. A factorial design was used involving addition 
of the enzymes at 0.1% concentration, 165 ppm calcium chlo- 
ride—to simulate hard water and because ealeium ion stimu- 
lates activity of the high-temperature alpha-amylase (22), 
0.07% sodium hexametaphosphate, and these agents in various 
combinations. The enzyme trials were put up only at the 
1.0:1.0 ratio of legume to brine rather than at the 3 fill-in 
ratios described above. Both cold-soak and hot-soak legumes 
were canned, 


RESULTS 


Blackeye peas. The rehydration method, the packing method, 
and the fill-in ratio of peas to brine each significantly 
affected the severity of gelling of the canned blackeye peas. 
When the maximum amount of brine in proportion to peas 
was used, there was no difference in the gelation seores of 
peas rehydrated in cold or hot water. However, at the 
two lower levels of fill-in brine, the severity of gelation was 
greater when peas were rehydrated in cold rather than in hot 
water (Table 1). As Figure 1 shows, the severity of gelling 
decreased progressively as the proportion of fill-in brine in- 
creased. From Table 2, it may be seen that the only main 
treatment which did not xffect the degree of gelling was the 
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Figure 1. Effect of rehydration method and ratio of legume 
to brine on gelling of canned peas and beans. Columns from 
left to right show cold-soaked pinto beans, hot-soaked pinto 
beans, cold-soaked blackeye peas, and hot-soaked blackeye peas, 
respectively. Rows, from bottom of photograph to top, show 
increasing proportion of legume to packing brine. 


processing time-temperature combinations (which had been 
selected in the first place to provide equivalent bacteriological 
lethality). 

The highly significant interaction between packing method 
(brine versus vacuum) and fill-in weight of peas showed, as 
might be expected, that the fill-in weight affected gelation of 
the vacuum-packed peas less than it did that of the brine- 
packed peas. From Tables 1 and 2, it may be noted that there 
was a significant interaction between rehydration method and 
packing method caused by the tendency of cold-soaked peas to 
gel more than hot-soaked peas when canned in brine but to do 
the reverse when packed without brine. 

AIS Content. Both the method of soaking and the packing 
method significantly affected the AIS content of the peas 
(Table 2). Hot-soaking combined with brine packing resulted 
in the lowest AIS content in the peas whereas cold-soaking 
combined with vacuum packing resulted in the highest content. 
The interaction between rehydration method and packing 
method was significant. There was a slight tendency for the 
AIS content of the peas to decrease as the ratio of fill-in 
brine was increased, but the differences were not statistically 
significant. 

Starch. The starch content of the brine correlated with the 
tendency of the brine-packed peas to gel. Less starch leached 
from the peas which had been hot-soaked than from those which 
had been cold-soaked. Part of the difference was apparently an 
outgrowth of the fact that hot-soaking had already removed 
some of the leachable starch. From Table 1, it may be seen 


TABLE 1 
Average gelation scores, AIS content, and starch content of 


treatment | brine by wt | score AIS, % | Starch, brine, % 
Brine packs 
Hot | 1.5 /1.0 1.8 22.6 9.0 0.72 
| 1.0 /1.0 3.4 22.6 | 8.6 | 0.36 
| 0.67/1.0 4.1 22.4 | 9.5 | 0.25 
Cold | 1.5 /1.0 1.4 29.3 | 15.5 1.71 
| 1.0 /1.0 2.5 28.3 | 13.5 1.10 
| 0.67/1.0 4.1 27.8 14.2 0.47 
Vacuum packs 
Hot |} 1.5 /1.0 3.5 27.6 ae er 
| 10/10 | 3.6 27.3 
0.67/1.0 3.6 26.1 12.2 heat 
| 
Cold 15/10 | 41 | 35.0 | 17.6 aoe 
4.6 
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Source of variation 


Main effects 
A. Rehydration method.... 
B. Packing method 
C. Processing times.... 
D. Fill-in weight 


First-order interactions 


Higher interactions 


Error.... 


* Significant (p<0.05). 
** Highly significant (p <0.01). 


GELATION OF CANNED BLACKEYE PEAS 


TABLE 2 


Analysis of variance for determinations made on blackeye peas 


| Mean Squ 


Starch 
content 


AIS 
content 


Visual 
grading 


1435.760** 1161.700** 
895.440** 204 
7.810 17 


5.665 


1.470* 
35.101** 
0.337 


20.095** 


360** 


430 


11.970* 
0.418 


0.850 


5.817 
2.080 
0.825 

2.780** 

0.111 


0.365 


TABLE 3 


ares 


Water-sol 
fraction 


0.0691 
0.2307 
0.0068 


0.0010 


0.0077 
0.0035 
0.0000 
0.0008 
0.0024 
0.0010 


0.0022 


0.0027 


Pectic content 


Phos-so 
fraction 


0.0345 
0 3608" 
0.0024 
0.0049* 


0.0169** 
0.0008 
0.0001 
0 
0.0024 


0.0010 
0.00060 


0.0011 


NaOH-sol 
fraction 


0.0161** 
0.0016** 
0.0006** 
0.0005** 


0.0001 
0.0005* 
0.0001 
0.0000 
0,0003* 
0.0001 


0.0001 


0.0001 


Average pectic content, calculated as percent anhydrogalacturonic acid, of canned, rehydrated blackeye peas and brine 


Fill-in ratio 
of peas and 
brine by wt 


Soaking treatment 


B rine packs 
Hot 


Cold 
Vacuum packs 


Hot 


Cold 


Analysis of variance for determinations made on brine 


Source of variation 


M: effects 
A. Rehydration method. 
B. Processing times 
C. Fill-in weights 


First-order interactions 
A X% 


Second-order interactions 


Significant (p<0.05). 
** Highly significant (p <0.01) 


% pectic content of peas 


Phos-sol 
fraction 


Water-sol 
fraction 


fraction 


04 
04 
05 


TABLE 4 


M 


Starch 
content Water-sol 


fraction 


0.1008" 
0.0329 


6.2760** 
0.3875** 


3.7800** 0 


0.0442 
0.0121 
0076 


0.1568** 


0.0255 .0291 


of 


NaOH -sol Water-sol 
fraction 


ean Square 


Pectii 


Phos-sol 
fraction 


covering canned, rehydrated blackeye peas 


fractions 


0.0030 


0.0080 


pectic content of brine 


NaOH -sol 
fraction 


0.018 
0.003 


0.009 
0,006 


0.006 


NaOH-sol 
traction 


1.00000 
).00004** 


0.00044** 


0.00004** 
0.00012** 
0.00001 


0.00002 


1.00001 


43 
= 
| 
1 33.050* | 1.960 
A 
| 
| 
1.5 /1.0 0.13 0.08 0 0.65 0.38 0.016 
1.0 /1.0 0.12 0.08 0.51 0.16 
0.67/1.0 0.11 0.08 0 0.35 0.06 
1.5 /1.0 0.17 0.09 1.02 0.73 0.53 P| 
1.0 /1.0 0.16 0.09 0.02 0.54 0.24 ; 
0.67/1.0 0.13 0.09 0.02 0.47 0.04 
| 1.5 /1.0 0.19 0.19 0.06 
1.0 1.0 0.19 0.18 0,04 7 
0.67/1.0 0.19 0.14 0.04 | 
iz 1.5 /1.0 0.25 0.25 0.04 
1.0 /1.0 0.24 0.21 0.03 ; 
0.67/1.0 0.26 0.22 0.02 
4 — a 
| 
af 
Phos-sol 
fraction 
| ‘ 0.0157 iz 
i 
B Gace. 7 0.0425 0.0128 
i 
| 
| 
} 
- 
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that the total starch content of the hot-soaked peas was lower 
than that of the corresponding cold-soaked treatment. No 
correlation between gelation of the eanned product and the 
starch content of the peas themselves was evident although 
such a correlation did exist between gelation and the starch 
content of the brine. None of the various interactions among 
treatments were significant for the starch content of the peas 
(Table 2) whereas the interactions between rehydration method 
and processing combination and between rehydration method 
and fill-in weight were both significant for the starch content 
of the brine. The second-order interaction among the three 
main variables was highly significant as were each of the 
main variables themselves (Table 2). 

Pectic fractions. The water-soluble pectic fraction and the 
sodium bhexametaphosphate-soluble fraction were higher in the 
brine of gelled peas than in the brine of peas which did not 
gel (Table 3). The NaOH-soluble fraction also followed the 
same trend, though to a lesser extent. In general, both the 
peetie content of the peas and the brine was directly propor- 
tional to the ratio of peas to brine. 

The rehydration method and the packing method each signifi- 
eantly affected the water-soluble pectic fraction of the blackeye 
peas. All of the main treatments except processing time- 
temperature combinations affected the sodium hexametaphos- 
phate-soluble fraction significantly whereas the NaOH-soluble 
fraction was affected significantly by all the main treatments 
(Table 4). 

In the covering brine, the rehydration method and the fill-in 
weight treatments each significantly affected the water-soluble 
pectic content while the NaOH-soluble fraction was _ signifi- 
eantly affected by the processing combinations and by the fill-in 
weight treatments. There were highly significant interactions 
between the rehydration method and (a) the processing com- 
binations and (b) the fill-in weight treatments, respectively, 
for the NaOH-soluble fraction, but none of the other inter- 
actions were statistically significant. 

Pinto beans. The pinto beans, in most particulars, followed 
the same pattern of response as did the blackeye peas. At the 
highest ratio of brine, the beans rehydrated by hot-soaking 
were free of gel formation while those cold-soaked were viscous 
but not gelled. At the 1.0:1.0 ratio of beans to brine, the hot- 
soaked beans tended to be less gelled than the cold-soaked beans. 
As with the peas, differences between hot-soaking and cold- 
soaking were less pronounced when the pinto beans were 
vacuum packed (Table 5). There was a highly significant inter- 
action between rehydration method and packing procedure 
(Table 6). 

The only main treatment which did not statistically affect 
gelling was the processing time-temperature combinations. As 
may be seen from Table 6, the other three main treatments did 
affect gelling significantly. 
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TABLE 6 


TABLE 5 


Average gelation scores, AIS content and starch content of 
canned, rehydrated pinto beans 


Fill-in ratio | Beans 
Soaking treatment | of peas anc Btereh 

brine by wt score | AIS, % | Starch, % | 12 


Brine packs 
Hot | 1.5 /1.0 | 1.6 22.6 13.6 O00 
1.0 /1.0 3.2 22.7 13.5 1.15 
| 0.67/1.0 | 5.0 22.4 134 | 0.61 
Cold 15/10 | 19 | 29.3 | 16.5 4.29 
1.0/1.0 | 19 | 28.3 14.4 
0.67/1.0 | 4.2 27.8 14.9 0.87 
Vacuum packs | 
Hot 1.5 /1.0 27.6 
1.0 /1.0 27.3 13.9 
0.67/1.0 26.1 15.0 
Cold 1.5 /1.0 3.3 35.0 
1.0 /1.0 3.6 34.6 
0.67/10 35.2 16.8 


AIS content. Hot-soaking resulted in canned pinto beans 
with a lower AIS content than did cold-soaking, but there was 
no relationship between the AIS content of the beans and the 
degree of gelling. Only the rehydration method and packing 
method affected the AIS content of the canned pinto beans 
significantly (Table 6). 

Starch content. The severity of gelling of the pinto beans 
was in proportion to the starch content of the packing brine. 
Rehydration by hot-soaking resu'ted in less starch leaching into 
the covering brine in the can than did rehydration by cold- 
soaking. By either method of packing, the starch content of the 
beans was less when they had been hot-soaked rather than cold- 
soaked. Gelation was related to starch content in the packing 
brine but not to the starch content of the beans (Table 5). 
The total starch content of beans and brine was not signifi- 
rantly correlated with gelation, nor was the total starch con- 
tent of the vacuum-packed beans significantly correlated with 
the degree of gelling or clumping. 

Pectic fractions. As gelling of the pinto beans increased, so 
did the concentration of each of the three peetie fractions in 
the packing brine (Table 7). It may be noted that the degree 
of gelling for corresponding fill-in weights between hot-soaked 
and cold-soaked pinto beans was closer (Table 5) than for the 
the blackeye peas (Table 1) and that the concentration of 
pectic substances in the brine for corresponding fill-in weights 
of pinto beans were likewise closer together (Tables 3 and 7). 
In general, the water-soluble pectic fraction of the beans de- 
creased as gelling decreased. The concentration of the sodium 
hexametaphosphate-soluble fraction and the NaOH-soluble frac- 


Analysis of variance for determinations made on pinto beans 


Source of variation df Visual 
grading 
Main effects 
A. Rehydration method 2.250*° 
B. Packing method , 1 5.000** 
C. Processing time 4 | 0.707 
D. Fill-in weight......... 2 | 26.160** 


First-order interactions 


A X B.... 1 7.050** 
AX C..... 4 0.072 
B x ©.... : ; 4 0.642 
2 1.005 

s 0.3228 


0.412 


Higher interactions. 
Error.... 0.450 


* Significant (p <0.05) 
** Highly significant (p <0.01) 


AIS | Starch 


Mean Squares 


Pectic content 


content content Water-sol Phos-sol NaOH -sol 
fraction fraction fraction 
0.69** 155.95** 0.0010 0,.0232** 0.0525** 
3.53** 81.34** 1.9450°** 0.4332** 0.0040* 
2.74 14.37 0.0329 0.0030 0.0020 
1.09 5.19 0.0806** 0.0020 0.0004 
23.56 4.49 0.0463* 0.0043* 0.0028* 
0.32 17.20* 0.0514** 0.0044* 0.0027" 
1.91 4.03 0.0127 0.0009 0.0001 
1.58 1.95 0.0069 0.0004 0.0004 
22.27 1.91 0.0044 0.0034 0.0004 
9 0063 0.0063 0005 


0.0006 0.0003 


59 6.82 0.0093 0.0016 0.0011 
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FRITZBRO’ MUSHROOM 
CONCENTRATE mace from selected 


grades of imported mushrooms in our own plant. This 
provides many times the flavor strength of domestic 
mushrooms, has greater stability, mixes readily in 
aqueous solutions, and is entirely free of bacteria, 
molds and fungi. For the same high quality effect in 


instant powder form, we offer 
AROMALOK' MUSHROOM 


Write for samples of any one or all three of these ex- 


cellent flavors and observe how these 100% natural 


fortifiers will IMPROVE and ACCENTUATE the 
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Takamine enzymes do special 


é 


} 
“PROCESSORS 


ET TU? Takamine enzymes help many people 


in many ways. Perhaps they can solve problems for you. Takamine 
products offer the widest variety of enzymes available. Each is highly 
specific in action ...fast acting at relatively low concentrations... readily 
inactivated when action is complete. Enzymes are, in fact, the most effi- 
cient catalysts known. For information on the wide variety of Takamine 
enzyme uses and a summary of current research, drop us a post card. If 
you'd like further help on enzymes for a specific project, we’d be glad to 


talk it over. 
 TAKAMINE & 
DIVISION OF MILES LABORATORIES, INC., ELKHART, INDIANA 


waatibemes General Sales Offices: Elkhart, Ind., COngress 4-3111; Clifton, N.J., 
PRescott 9-4776; New York, N.Y., MUrray Hill 2-7970 


it will TASTE better, LOOK better, SELL better with Takamine products 


Miles Chemical Company 


for all these people 
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TABLE 7 
Average pectic content, calculated as percent anhydrogalacturonic acid of canned, rehydrated pinto beans and brine ys 
ae. | % pectic content of beans % pectic content of brine 2 
Soaking treatment of peas and Water-sol Phos-sol | NaOH-sol Water-sol Phos-sol NaOH -sol 
brine by wt fraction | fraction fraction fraction fraction | fraction ' 
Brine packs : 
Hot 1.5 /1.0 0.28 0.05 0.08 24 0.28 0.013 7 
1.0 /1.0 0.21 | 0.05 0.09 | 0.89 0.10 0.008 
0.67/1.0 0.15 | 0.06 0.08 | 0.77 0.01 0.004 
Cold 1.5 /1.0 0.22 0.07 0.04 | 21 0.27 | 0.014 
1.0 /1.0 0.18 | 0.07 0.04 0.97 0.11 0,008 
0.67/1.0 0.14 | 0.08 | 0.08 0.65 0.01 0.004 t 
Vacuum packs 
Hot 1.5 /1.0 0.49 0.18 0.10 
1.0 /1.0 0.42 0.17 0.09 i 
0.67/1.0 0.38 0.14 0.08 
Cold 1.5 /1.0 0.48 | 0.22 0.06 . 
1.0 1.0 0.48 0.20 0.06 
0.67/1.0 0.46 0.20 O05 jij § 
ad 
tion were practically constant irrespective of the ratio of fill-in 
beans and brine and the degree of gelling. From Table 6, it 4 
may be observed that the water-soluble pectic fraction of the 
beans was highly significantly affeeted by ‘fill-in weight, and, pee ae 
from Table 8, that fill-in weight affected each of the pectic © 
‘Table that lin weight aMeted Ga € 
fractions of the brine in a highly significant manner. Rehydra- 
tion method and packing method influenced the sodium hexa- — au 
etaphosphate- and the NaOH-soluble fractions of the beans | 
but not of the brine covering these beans. All first-order inter 


actions for the sodium hexametaphosphate fraction of the 
brine were highly significant. 

Enzyme treatments. The enzyme studies added confirmatory 
evidence that starch and pectie substances were involved in 
gelling. When applied to blackeye peas, Pectinol 16-75 exerted 


more action than either of the other two enzymes. Peas treated 
with Pectinol 16-75 did not adhere to each other as much and 
they were bright in color whereas control peas and those treated 
with Pectinol 181-150 were duller in color because of a surface 


deposit of sediment or a soft gel. Amylase W-106-F caused a Figure 2, Effect of enzymes, calcium chloride, and sodium 
moderate decrease in viscosity of the brine and the peas tended hexametaphosphate (SHMP) on clumping or gelling. Bottom 
to be bright. Originally, enzymes were used because it was row (left to right), peas treated with: SHMP, amylase Ca 


thought that the high-temperature amylase might retain ae 
tivity long enough during thermal processing to liquefy an 
appreciable amount of leached starch and thus have practical 
application as a step in canning. Insufficient action resulted to 
make practical commercial use of the enzyme, but enough 
enzyme action did result to establish that both starch and 


Pectinol 181-150, SHMP-Pectinol 181-150, amylase-Pectinol 
181-150. Middle row: Ca-Pectinol 181-150, Pectinol 16-75, 
SHMP-Pectinol 16-75, amylase-Pectinol 16-75, Ca-Pectinol 16-75, 
SHMP-amylase. Top row: Ca-amylase, amylase added to cold- 
soaking water, Pectinol 16-75 added to cold-soaking water, all 


pectic fractions were involved in gelling. The most effective compounds combined, Pectinol 181-150 added to cold-soaking 
treatments were Pectinol 16-75 or amylase W-106-F in com- water, control. 4 
a 
a 
TABLE 8 
Analysis of variance for determinations made on brine covering canned, rehydrated pinto beans 
Mean Squares 
Pectic fractions 
Source of variation Starch 
content W ater-sol Phos-sol NaOH-sol 
fraction fraction fraction 
Main effects 
A. Rehydration method. 1 23.9510** 0.0122 0.0002 0.00001 
B. Processing times 4 0.8473 0.0261 0.0107 0.00001 
C. Fill-in weights. 2 29.1205** 1.3337** 0.3558** 0.00051** 
First-order interactions 
4 1.2257** 0.0807 0.0807** 0.00006** 
2 5.20380** 0.0472 0.0472** 0.00000 
8 0.3144 0.0577 0.5773** 0.00001 
8 0.3598 0.0135 0.0135 0.00001 
30 0.3020 0.0732 0.0077 0.000491 


* Significant (p <0.05). 
** Highly significant (p<0.01) 
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bination with added caleium. Added ealeium by itself was 
effective but less so than the combination ealeium-enzyme 
treatments. The control field peas and peas treated with the 


various agents are shown in Figure 2. 

Pectinol 16-75 and amylase W-106-F each affected the gel 
characteristics of canned pinto beans. Again, action was suffi- 
cient to demonstrate that both starch and pectie fractions took 
part in gelling, but insufficient to have practical value as a 
eanning step to eliminate excessive gelling or clumping. The 
most effective treatment was the combination of Pectinol 181 
150 and added caleium. The sodium hexametaphosphate yielded 
a soft gel which did not clump, but the mixture of peas (or 
beans) and brine appeared ‘‘soupy’’ and made the product 
even at the 1.0:1.0 ratio appear to have been packed with ex- 
cessive packing medium. A lower level of sodium hexameta- 
phosphate might have been more satisfactory. In general, the 
various agents added produced less effect on the pinto beans 
than on the blackeye peas. 


DISCUSSION 


Clumping or gelling of canned blackeye peas and 
pinto beans appears to be different from that reported 
by other investigators for some other legumes. Kramer 
et al (12) noted that the gel produced in canned soy- 
beans did not form until several months after pack- 
ing. The gels which developed in the blackeye peas 
and pinto beans formed within a few hours after 
cooling of the eans. 

Rapidity of formation is not the only characteristic 
which distinguished the gels produced by the peas 
and beans from that produced by soybeans. The gels 
also differed in composition. Kramer eft al (12) found 
no pectic substances in the brine and practically none 
in the soybeans. Appreciable amounts of pectic com- 
pounds were present in the brines covering the peas 
and beans used in this study. Furthermore, the 
amount of pectic materials in the brine were in pro- 
portion to the degree of gelling. The pectic content 
and gelling—though correlated statistically—could 
be independent. However, the fact that the pectic 
enzymes affected the gel structure demonstrated that 
the pectic content was at least one determinant of 
gelling. The action of added calcium in affecting the 
gel structure may also reflect pectinate changes. 
Kramer et al (12) noted that added calcium reduced 
gelling of the soybeans they studied. 

Because the amylolytic enzymes also affected the 
gel structure, it appears probable that the gels formed 
arose from composite action on the part of starch and 
pectic fractions. 

Lack of complete control of gelling by the 2 types of 
enzymes in unison is to be expected since additional 
starch and pectic compounds might leach from the 
peas and beans after enzyme activity had ceased. 
Amylase W-106-F is reported to withstand 212° F for 
30 min (21), but presumably it and the pectinase 
enzymes were destroyed before the end of the process- 
ing period, and gel formation could result from leach- 
ing after the enzymes were destroyed. 

Since hot-soaking resulted in less gelation than 
cold-soaking for brine packs, there is some indication 
that not only does the total starch content affect gela- 
tion but that certain starch fractions are primarily 
responsible for gelation. 

Gelation of the hot-soaked blackeye peas generslly 
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ensued whenever the starch content exceeded 9% 
or the AIS content exceeded 23%. The hot-soaked 
pinto beans gelled whenever the starch content ex- 
ceeded 13% or the AIS content exceeded 23%. The 
gel of the pinto beans, in this respect, comes closer to 
that reported by Siddappa and Das (20) for green 
peas. They observed that green peas gelled when the 
starch content exceeded 13% and the AIS content 
exceeded 26%. 

From a practical point of view gelation could be 
prevented by hot-soaking the blackeye peas or pinto 
beans coupled with canning them in brine at a ratio 
of one part of legume to one part of brine by weight. 
Kramer ef al (12) and Siddappa and Das (20) also 
observed that gelation of the legumes they studied 
could be prevented by control of the ratio of product 
to brine. Since the AIS content of the canned peas 
and beans was reduced to approximately 22% thereby, 
it is clear, as was pointed out in the earlier publica- 
tion (13), that percentage AIS content by itself is of 
little value in distinguishing succulent peas from 
soaked dry-line products. 

Although the vacuum-packed products were usually 
scored higher (less gelled), nevertheless they clumped 
together some and were invariably darker in color 
than the brine-packed legumes. They were packed for 
comparative purposes to facilitate evaluation of leach- 
ing changes in the corresponding brine-packed 
product. 
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Moisture Formation in Dehydrated Lemonade 


(Manuscript received August 8, 1960) 


SUMMARY 
Studies directed toward improved storage stability of de 
hydrated lemonade disclosed that, in the absence of an in 
package desiccant, moisture content increases during storage at 
a rate largely dependent upon temperature. Since the rate of 
quality deterioration in the form of browning and caking is 
a function of moisture content, it was of interest to locate the 
source of the moisture increase. It was found that the natu 
rally-present citrie acid apparently loses one carboxyl group 
with the formation of a molecule each of a diearboxylie acid 
and water. Such a reaction oceurs in the thermal degradation 
of citric acid at elevated temperatures (175° C), but was ex 
pected to be insignificant in dehydrated lemonade stored at 

temperatures ranging from room temperature to 37° C. 


Tu worRK which this article re- 
ports was part of a research program devoted to 
dehydrated lemonade made by the process developed 
and patented by Stevens, Pritchett and Baier (4, 5). 
The lemonade powder with which we are here con- 
cerned is an instant type; hygroscopic and hence must 
be protected from moisture. A brief description of the 
unique drying process employed in its production will 
give more meaning to the data. 

Drying process. There are two stages of drying 
besides the initial vacuum concentration of the juice. 
In the first stage, the concentrated juice is mixed with 
dry sugar crystals; this mixture is vacuum oven dried, 
then cooled, and ground. The result is granules con- 
sisting of sugar crystals coated with an expanded 
porous structure of dry juice solids. Little or none of 
the original dry sugar dissolves so that all of the acid 
and all of the moisture is contained in the juice solids 
phase of the product. Since the juice fraction is the 
portion sensitive to moisture, the percent moisture 
found is usually caleulated on a juice solids basis. 

In the second stage of drying, the material from 
the vacuum oven is stored in bulk for a short period 
in the presence of a desiccant. The moisture content 
of the juice solids is reduced during this storage from 
an initial level of one or 2% to between 0.50 and 
0.75%. Blended with sealed-in flavor and packaged 


* Presented at the Twentieth Annual Meeting of the Institute 
of Food Technologists, May 17, 1960, San Francisco, California. 


William K. Higby 
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Inc., Ontario, California 


at the latter moisture levels, the lemonade powder has 
an excellent shelf life without the usual necessity of 
including an in-package desiccant (6). It was this 
distinetive characteristic that made changes in mois- 
ture content after packaging of interest. 


ANALYTICAL METHODS 


Periodic examination of samples was for color deterioration, 
caking, and moisture content. Color was estimated on a filtered, 
isopropyl aleohol extract of a solution of the dry powder in 
water. A Klett-Summerson photoelectric colorimeter was used 
with a 420 my filter. The browner samples give larger read 
ings. Caking was simply a subjective evaluation. Moisture was 
titrated with Karl Fischer reagent using a Beckman model 
KF2 Aquameter (3). Acid determinations were made by titra 
tion with 0.1N sodium hydroxide to a phenolphthalein end 
point. 

The nature of the product is such that the constituents deter- 
mined are contained in the juice solids which comprise approxi 
mately 11% of the total. During grinding some pure juice 
solids are detached from the larger pieces and become fines. 
Whereas the product as a whole may contain 6% acid and 
0.08% water, the fines from the same product may contain 55% 
acid and 0.7% water. Unless the fines are distributed equally 
by careful mixing, erratic analytical results may be obtained. 


EXPERIMENTAL 


During storage of packaged dehydrated lemonade samples 
it was observed that the moisture in the product increased with 
resultant caking. Also, browning took place. Figure 1 shows 
some typical curves for moisture content and color during 
storage at 100° F. 

Similar curves are obtained at temperatures down to about 
75° F. The rate of degradation decreases logarithmically with 
temperature; hence, to obtain the same amount of change at 
lower temperatures, much lounger storage periods are required. 

Lemonade powder was considered unaeceptable when brown 
ing had progressed to give a colorimeter reading of about 200, 
By that time some ecaking due to the moisture content had 
usually taken place. As Figure 1 shows, the moisture content 
of the juice solids increased from 0.5% to 2.3% in 105 days of 
100° F storage. When increases such as this one were first 
observed, it was thought that some product of the browning 
reaction might be reacting with the Karl Fischer reagent 
giving a false titration for water. It was found possible, how 
ever, to redesiceate a stored sample to its prestorage moisture 
content proving that there was, in fact, an increase in moisture 
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Figure 1. Change in moisture content and color of dehy- 
drated lemonade stored at 100° F. 


content. Moisture-proof containers were used for storage which 
eliminated the possibility of adsorption of water vapor. 


The eritieal effect of moisture content on product stability 
is indieated by Figure 2 which gives the relative rates of 
browning for samples stored at several initial moisture levels. 
The rate for the sample in this series having the lowest mois 
ture content was taken as one. It can be reasoned that since 
the rate of browning inereases with increasing initial moisture 


ELATIVE RATE 


2 


0.6 9. 1.0 1.2 1.4 16 23,8 
WATER - % IN JUICE SOLIDS 


Figure 2. Effect of initial moisture content on rate of 
browning. 


content, the rate of browning will also accelerate as moisture 
content inereases during storage. Indications that this is true 
are shown in Figure 3. The sample stored with a desiccant 
virtually did not change in moisture content and browned but 
slowly at a constant rate. The other sample increased in mois- 
ture content and exhibited a constantly inereasing rate of 
browning. 

The inereasing moisture may result as a product of the 
browning reaction in which case the browning reaction is 
autoeatalytie. On the other hand, if the water results from an 
independent reaction, then perhaps the reaction ean be pre- 
vented with a resultant increase in storage life. 


Looking at the eurve for moisture content in the absence 
of a desiccant from Figure 3, it ean be seen that an initial 
rapid increase in moisture was followed by what appears to be 
an eventual slowing of the rate of increase. Data from a sam- 
ple stored for over 18 months at 100° F indicates that a maxi- 
mum moisture content near 6% is approached, suggesting that 
the extent of the moisture-forming reaction is limited by 
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depletion of a reacting substanee or by accumulation of end 
products. 

Another observation was made that very old and badly 
browned samples lacked tartness. Loss of acid from lemon 
juice in the course of solids determinations involving drying on 
sand at 70°C (158° F) for about 20 hr has been reported by 
Harker and Cole (1). Therefore, several aged samples were 
titrated for citric acid. All were found to have less acid than 
before storage. Sinee the increase in moisture and loss of acid 
tended to parallel each other, the equivalents of acid lost and 
mols of water formed were calculated as shown in Table 1. 
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Figure 3. Effect of increasing moisture content on color 
of dehydrated lemonade stored at 100° F. 


It can be seen that there is approximately a one to one rela- 
tionship between the two quantities. Sample E was the most 
deteriorated sample examined. It was stored nearly 600 days 
at 100° F and was very brown and eaked. The other 4 sam- 
ples were stored 180 days at 100° F. Sample E lost 21.6% of 
the acid originally present, whereas the other four samples 
decreased by an average of 17.3%. Thus, four-fifths of the loss 
observed after 600 days probably took place in less than one- 
third of that time. This indicates that here, too, depletion of 
a reacting substance or accumulation of end products tends to 
limit the reaction. 

To establish more clearly whether a one to one ratio of 
equivalents of acid lost to mols of water formed does exist, 
another sample was stored for 180 days at 100° F and analyzed 
at 30-day intervals for moisture and acid. Partieular eare was 


TABLE 1 
Comparison of equivalents of acid lost with mols of water 
formed 
Sample Initial Final Initia Final Change 
A 5.94 | 513 | 0.013 | 0.065 "0.259 | 0.011 
B “5.92 | 5.02 | 0.014 | 0.078 | 0.291 | 0,012 
5.89 4.36 g 0.016 0.067 | 0.274 2 
D | see | 407 | 0.015 | 0.086 | 0.356 | 0.015 
5 80 4 55 "0.020 | 0.098 | 0.565 0.026 
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taken to avoid sampling errors. The data for this sample are 
shown in Table 2. It is apparent that the total mols of water 
plus equivalents of acid was virtually constant at each exami 
nation which quite clearly establishes the one to one ratio. 


TABLE 2 


Quantitative relation of acid loss to water increase during 
storage of dehydrated lemonade at 100° F 

i Total mols of 

water and acid 

equiv. per 100 ¢ 


Mols of Equivalents 
water of aci 
per 100g per 100¢ 


Storage time—days 
| 
} 


93.6 X10 | 10-3 


87.8 10° 


DISCUSSION 


There is evidence, then, that water is formed in 
dehydrated lemonade, that acid disappears, that the 
maximum extent of the reactions causing these two 
changes is limited and that for each mol of water 
formed, one equivalent of acid is lost. A single ex- 
planation for all of these conditions is partial decar- 
boxylation of citric acid accompanied by loss of water. 
Such reactions occur in the thermal degradation of 
citric acid at temperatures above 170° C (338° F) as 
shown in Figure 4 (2). These reactions are not nor- 
mally expected at 100° F or lower, however, and a 
sample of citric acid stored with a desiccant for 6 
months at 100° F did not change in weight. Evidently 
there is some factor in the juice solids which has a 
catalytie effect. 

Of the reactions shown in Figure 4, the one yield- 
ing aconitic acid and acetone decarboxylic acid does 
not appear too probable. Formation of either acid 
alone would not give the proper ratio of acid loss to 
water formed and it seems unlikely that the two acids 
would be formed in the proper amount to produce 
equal quantities of carbon dioxide and water and still 
be self-limiting as loss of one-third of the acid is 
approached. The other reaction yielding one molecule 
each of carbon dioxide and water plus one or more of 
the dicarboxylic acids itaconic, citraconic or mesaconic 
appears to be more reasonable. This reaction would 
tend to slow as acid loss equal to one-third of the 
initial amount was approached. 


DEHYDRATED LEMONADE 


H2C-COOH 


Citraconic 


Anhydride 


Figure 4. Thermal decomposition of citric acid (2). 


Whatever the specifie reaction, it is possible that 
the same effect may occur in other dried, citric acid- 
containing fruit juices. The lower acidity of most 
such juices would make this less apparent. An infer- 
ence from this work is that stability of affected dried 
juices could be improved by decitration prior to dry- 
ing and adding baek an equivalent amount of crystal- 
line citrie acid after drying. 
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Effect of Alternate Freezing and Thawing on the 
Ascorbic Acid Content of Frozen Vegetables’ 
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SUMMARY 


Destruction of ascorbie acid oceurs during alternate freezing 
and thawing of frozen peas, lima beans, corn and green beans. 
A study of 176 samples indicated that the thawing time may be 
as important as thawing temperature. The most significant 
factor in aseorbie acid loss when vegetables are alternately 
frozen and thawed is the time and temperature of holding 
during the thawed phase. 

Vegetables may be held from 4 to 8 hours after blanching 
and before freezing without an appreciable loss in aseorbie 
neid, 

I, HAS BEEN INDICATED by Hucker 
and David (2) that alternate freezing and thawing 
does not affect the total flora present in frozen vege- 
tables providing growth does not take place during 
the thawed phase. The current study concerns the 
effect of alternate freezing and thawing as well as 
certain other handling practices on the aseorbie acid 
content of frozen peas, green beans, corn and lima 
beans. 


EXPERIMENTAL 


The microbiological methods suggested by Hueker and 
David (1) were used to determine the number of organisms 
present and the aseorbie acid determinations were made aceord 
ing to the method of Rebinson and Stotz (3). 

Commercially processed 14-0z samples were taken from the 
processing line. One hundred and seventy-six observations were 
made. The number of organisms present in the samples of peas 
ranged from 5,000 to 10,000, in corn from 70,000 to 230,000, in 
lima beans from 4,000 to 21,000 and in green beans from 1,700 
to 2,000 per gram. 


RESULTS AND DISCUSSION 


Effect of holding prior to freezing on the ascorbic 
acid content of frozen vegetables. In many vegetable 
processing plants several hours may sometimes elapse 
between blanching and freezing. During this period 
the temperature of the vegetables may vary in a 
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range from 21.1°C (70° F) to 16°C (35° F). To 
study the effect of this prefreezing holding on ascor- 
bie acid, lima beans, corn and peas were held at 
21.1°C (70° F), 7.2°C (45° F) and 1.6°C (35° F) 
up to 48 hr and examinations made at regular 
intervals. 

It can be noted in Table 1 that the ascorbic acid con- 
tent of peas is not significantly affected when held 
at 21.1° C (70° F), 7.2° C (45° F) and 1.6° C (35° F) 
for 24 hr. Under similar conditions the ascorbic acid 
content of corn is affected to a certain degree. When 
held at 7.2° C (45° F) or above for 24 to 48 hr, peas 
show no significant loss in aseorbie acid content. At 
1.6° C (35° F) little loss was found in peas after 
48 hr. Lima beans showed the least loss of ascorbic 
acid of all vegetables studied, when held at these 
temperatures. 

These data would indicate that, if properly 
blanched, peas, lima beans, green beans and corn 
properly blanched can be held for 8 to 12 hr at room 
temperature or below without too significant loss in 
ascorbic acid content. 

Effect of thawing on the ascorbic acid content of 
frozen vegetables. Samples of frozen corn, green 
beans, peas and lima beans were removed to incubators 
and thawed at temperatures of 21.1°C (70° F), 
7.2°C (45°F) and 1.6°C (35°F). Samples were 
held at these temperatures for 48 hr. When held at 
the lower temperature the 14-0z packages were not 
completely thawed in the center after 24 hr. It can 
be noted in Table 2 that the thawing process to a de- 
gree may be a significant factor in ascorbic acid loss 
in frozen vegetables. There is evidence that this loss 
during thawing may be directly in relation to the tem- 
perature of thawing. There is also an indication that 
the time of thawing may be a factor. For example, 
when green beans are thawed at 21.1° C (70° F), the 
14-0z package is about at the same stage of thawing 
at the end of 5 hr as the package held at 1.6° C 


TABLE 1 
Effect of holding blanched vegetables prior to freezing on ascorbic acid content 


Temperature held 
prior to freezing 


Mg/100 ascorbic acid after freezing 


Hours held prior to freezing 


Lima beans 


Corn 


: 
0 2 4 a 12 24 48 : 
70° F (21.1°C) 19.04 18.79 17.79 16.67 17.87 18.24 
45°F ( 7.2°C) 22.26 22.60 20.78 21.14 19.31 20.19 3 
35° F( 1.6°C) 19.04 20.79 18.79 19.39 19.69 19.31 aeaeen 
Corn 70° F (21.1°C) 4.98 4.54 3.75 3.75 3.75 
45° F( 7.2°C) 5.19 5.10 4.87 5.04 4.83 
35° F( 1.6°C) 5.64 4.65 5.44 4.74 4.80 
7 70° F (21.1°C) 14.75 16.75 14.80 14.82 11.77 12.25 9.06 
35°F ( 1.6°C) 18.83 19.06 18.85 18.76 18.76 17.52 18.52 
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Stamford, Connecticut 


Attn: D. C. Gillespie, Sales Manager 
We're interested in trying a P-50A DorrClone on 
our juice transfer lines. 


( Check for $160.00 enclosed 
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( Send more details. We are processing__gpm 


juice. 


P-30A 


REMOVES SEEDS AND 
SPECKS FROM JUICES 


... Automatically, without 
moving parts! 


The DorrClone P-50A is a simple, cyclone-type separator that 
may be fitted to any transfer piping system handling several 
of the popular fruit juices. Installation is easier than putting 
in a valve. It operates on the centrifugal principle—feed enter- 
ing the upper section is given a whirling motion that causes 
embryonic seeds, specks and other foreign matter to be thrown 
to the walls of a conical chamber and fall downwards to the 
discharge valve at the bottom while the pure juice flows con- 
tinuously through the top outlet. 

There are no moving parts—pump pressure in the transfer 
line does the work. Unit is sanitary one-piece porcelain con- 
struction — unaffected by fruit acids and cannot impart taste 
or odors. Capacity varies with pressure — from 7% gallons 
per minute at 7.5 psi to 30 GPM at 80 psi. Multiple units can 
be used where higher capacities are required. Underflow con- 
sistency can be regulated by adjusting the discharge valve. 


So simple and low in cost you'll want to order 
one for a trial installation! 


Several well-known processors of citrus and other juices 
have been so impressed with the possibilities offered by the 
P-50A DorrClone that they have ordered and installed units on 
an experimental basis. Results have been so good that repeat 
orders have followed. Units are shipped complete with flanged 
metal collar for mounting purposes and Brewery Hose con- 
nections. Price is $160.00 f.0.b. your plant anywhere in the 
U. S. Use the coupon or send your regular purchase order. 
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TABLE 2 


Effect of thawing frozen vegetables on the 
ascorbic acid content 


Mzg/100 of ascorbic acid after 


Thawing (hours) holding 


Product 
temperature 


Corn 


Green 
beans 


Peas 


Lima 
beans 


(35° F) at the end of 24 hr. The ascorbie acid loss in 
some instances was greater in the latter than in the 
sample held at 21.1° C (70° F), for 3 hr. The same 
observation was found in the case of peas and lima 
beans. However, the temperature of thawing appears 
to be the significant factor in aseorbiec acid loss. 

Effect of alternate freezing and thawing on the 
ascorbic acid content. Corn, lima beans, peas and 
green beans, directly after the commercial blanch, 
were alternately frozen and thawed through 6 cycles, 
according to the procedure of Hucker and David (2). 
Three temperatures were used, i.e., 21.1° C (70° F), 


TABLE 3 


The effect of alternate freezing and thawing on the 
ascorbic acid content of frozen vegetables 


Number Thawing phase Mg/100 of ascorbic acid 
of freeze 
Time 


Green > Lima 
Peas 
(hours 


beans beans 


Temperature Corn 


21.10 
1° ¢ 20.00 
1° ¢ 21.10 
7.06 
1° ¢ 5 9.50 
1° ¢ 50 


2.02 
90 
30 


7.2°C (45°F) and 1.6°C (35° F), in the thawing 
phases. Ascorbic acid determinations were made at 
the end of each freezing phase. 

As can be noted in Table 3, of the vegetables studied, 
corn was the most susceptible to ascorbic acid loss as a 
result of alternate freezing and thawing regardless of 
the temperature of thawing. After one freeze-thaw 
cycle there was approximately a 50% ascorbie acid 
loss. 

In contrast to corn, green beans were the more 
resistant to ascorbic acid loss due to alternate freezing 
and thawing. Little loss was noted after 6 cycles of 
freezing and thawing when the thawing temperature 
was 21.1° C (70° F), or 7.2° C (45° F). 

Peas and lima beans were not affected by freezing 
and thawing when the thawing temperatures were 
21.1°C (70° F) and the thawing time reduced to 1 
to 2 hr. When the thawing temperature was 7.2° C 
(45° F) and the thawing time increased, a greater 
effect was noted on the ascorbic acid content as a 
result of freezing and thawing. 

As noted in Table 3 in all cases of alternate freezing 
and thawing the ascorbic acid content was signifi- 
cantly reduced when the thawing temperature was 
16° (35°F). This reduction is not directly at- 
tributed to temperatures, since long periods were re- 
quired for complete thawing. It was indicated above 
that thawing time may be as significant as thawing 
temperature. In the case of 1.6°C (35°F) as a 
thawing temperature a total of 293 thawing hours 
were used in the 5 cycles of alternate freezing and 
thawing. If the thawing process per se is significant 
as affecting ascorbic acid, the time involved in the 
ease of the 1.6° C (35° F) thawing may be significant. 

It has been indicated by Heis and Schachinger (1) 
that under conditions of fluctuating temperatures 
over the narrow range of the freezing and thawing 
cycles, large crystal growth is encouraged. This would 
concentrate ascorbic acid and oxidative catalysts such 
as copper in the fluid between the crystals and could 
tend to increase the rate of ascorbic acid destruction. 
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0 2 5 | 24 48 Ne 
70° F (21.1°C) 4.95 3.97 3.65 2.99 2.01 
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SUMMARY 


A gas chromatographic method is used for the analysis of 
earbon dioxide, hydrogen, oxygen, and nitrogen in head space 
of processed foods. A silica gel-molecular sieve (Linde 13 X) 
column was used with either argon or helium as a earrier gas. 
Swelling of canned whole apricots was found to be due to an 
accumulation of hydrogen in the head space. Gas formation ‘in 
stored tomato serum concentrate was found to be due to an 
accumulation of carbon dioxide formed by the Maillard-type of 
browning reaction. Data on the analysis of oxygen in nitrogen 
packed salad dressing, salad oil, and instant mashed potatoes 


are reported. 


‘er CHROMATOGRAPHY, an excel- 
lent method of separating and quantitatively analyzing 
gas mixtures (3, 8, 10, 12), has been used recently to 
analyze oxygen in beer (1), canned foods (13), and 
powdered foods packed in cans or flexible containers 
(11). The use of solid adsorbents such as silica, 
alumina, and charcoal for the separation of carbon 
dioxide from air and hydrocarbons has been reported 
(4, 5). Separation of oxygen from nitrogen has been 
done on synthetic zeolites or ‘‘molecular sieve’’ 
columns (2, 11). Kyryacos and Boord (9) reported 
the separation of hydrogen, oxygen, nitrogen, 
methane, and carbon monoxide by gas adsorption 
chromatography in a molecular sieve column (Type 
5A) with helium as a carrier gas. Unfortunately, all 
moleenlar sieves developed to date absorb carbon 
dioxide irreversibly and thus prevent concurrent 
analysis of a sample for carbon dioxide content with 
oxygen and nitrogen. 

In this paper carbon dioxide, hydrogen, oxygen, 
and nitrogen gases in head space of processed foods 
were analyzed on a silica gel-molecular sieve column 
with either argon or helium as a carrier gas. The stor- 
age stability of canned apricots and tomato serum 
concentrate was evaluated in terms of changes in head 
space gases in the container as determined by this 
method. It was also applied to the analysis of oxygen 
in the head space of salad dressing, salad oil, and in- 
stant mashed-potato powder. 


EXPERIMENTAL MATERIALS AND METHODS 


Gas chromatography. Any convenient gas chromatographic 
apparatus may be used for this procedure. The instrument used 
in this study was an Aerograph Model A-90-C.° 

Separation was accomplished at room temperature on a two 
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stage column, The first stage was a 5-inch anhydrous silica 
gel (28-200 mesh) column, followed by the reference end of the 
detector. The second stage was a helieal 12-foot molecular sieve 
(Linde 13 X)* column, a 12-foot helical time-delay section of 
empty tubing, and the sensing end of the detector. All tubing 
was made of stainless steel, 4 inch outside diameter. The sam- 
ple inlet was a rubber seal which permitted 0.2 or 0.4 ml of the 
sample to be injeeted into the column with a hypodermic 
syringe. The bridge output signal from the detector was 
applied to a Minneapolis Honeywell Brown electronic reeorder 
with a sensitivity range of 0.05 to 1.05 milivolts. The recording 
chart moved at a linear rate of 30 inches per hour. A reverse 
switch was inserted between the bridge output and the re- 
corder. When the sample was injected, an injeetion peak 
appeared, followed by the carbon dioxide peak. The signal was 
then reversed by means of the reverse switch. Hydrogen, oxy- 
gen, and nitrogen were recorded in succession as individual 
peaks. The attenuation (sensitivity reduction) switch was used 
to reduce the signal to %, %4, \&, ete. to achieve the balance 
of the Wheatstone bridge. The identity of each peak was de- 
termined by calibration against known gases. 

A filament current of 160 milliamperes was maintained when 
analyzing COs, He, O. and N. with argon as the earrier gas, 
and one of 200 m.a. when analyzing O. and Ne with helium as 
the carrier gas. The flow rate of the earrier gas varied from 
50 to 60 ml per min. The earrier gas entered the Aerograph at 
a gauge pressure of about 4 lb per square inch. Each sample 
was analyzed in triplicate and the average value reported. 

Collection of gas samples. Head space gases in the can were 
collected over a pneumatic system made of an inverted 4-inch 
funnel over water. The water was acidified with 0.5% citric 
acid to decrease the solubility of COs. The tip of the inverted 
funnel was fitted with a rubber eap seal, which permitted sam- 
pling by a 1-ml hypodermic syringe fitted with a sharp needle. 
The can was immersed in the acidified water and then punched 
twice on the upper lid with a beer-can opener so that the head 
space gases could be collected at the top part of the inverted 
funnel, 

Retention time. Retention time (t-) is the time required, 
from the beginning of the sample injection, to reach the maxi- 
mum peak of the gas under analysis (7). For a given column 
under defined conditions, it designates the order of the ecom- 
ponent gases coming out of the column. 

Calculations. The quantitative interpretations of the chroma- 
togram were based on the peak area. The area under the peak 
was calculated by multiplying the peak height by the width at 
the half height. If attenuation was used in balancing the 
bridge, the results were corrected accordingly (height < width 
at half height attenuation). The peak area of a given gas 
divided by the sum of the peak areas (excluding the injection 
peak) and then multiplied by 100 gives the percentages of gases 
in the head space. 

Apricot canning. Fifty pounds of Blenheim apricots at 
canning ripeness, with pressure readings ranging from 1 to 3 
Ib on the Magness-Taylor pressure tester (5% plunger) were 
used. The fruit was washed, sorted, halved, and pitted in an 
apricot pitter. Nineteen ounces of apricot halves and 11 oz of 
40° Brix sucrose syrup were packed in No. 2% cans made of 
differential electrolytic tin plates (type MR base plate), with 
1 lb of tin per base box on the inside, and 0.25 pounds on 
the outside. The cans were sealed under 15 inches of vacuum, 
cooked at 212° F in a rotary cooker for 23 min, and eooled in 

* Product of Linde Company, Division of Union Carbide and 
Carbon Corporation, New York, New York. 
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a rotary water-cooler. Eleven to 14 whole, peeled apricots and 
a sufficient amount of 40° Brix syrup were added to each 
No. 2% can to give a head space of % inch. The cans were 
exhausted at 185° F for 7 min, sealed, heat sterilized at 212° F 
in a rotary cooker for 18 min, and then cooled in a rotary water 
eooler for 7 min. The canned product was stored at room 
temperature prior to analysis. 

Tomato serum concentrate. Pearson tomatoes which passed 
the California grading inspection station were washed, sorted, 
preheated rapidly to 190° F in a thermoserew, and pulped 
through Langsenkamp pulpers with 0.060 inch and 0.033 ineh 
sereens. The pulp was mixed with 0.02% sodium benzoate, 
and then centrifuged in a Westfalia Centrifuge to remove the 
insoluble solids. The serum was evaporated in a Krenz vacuum 
pan under 29 in. of vacuum to 57° Brix soluble solids, filled 
into glass jars, plain cans, or lacquered cans with a head space 
of %4 to % inch, and then sealed under atmospheric pressure. 
The samples were kept at 86° F for 90 days before analysis of 
the head-space gases. 

Other foods. Salad dressing, salad oil, and instant potato 
powder were supplied by manufacturers. 


RESULTS 


Retention time. The various gases were identified by inject 
ing 0.4 ml of a known mixture of COs, He, Ov, and N, into the 
column and measuring the retention time of each gas. Carbon 
dioxide had the lowest retention time and therefore was the 
first peak to follow the injection peak. After the COs peaks, 
the signal was reversed so that the He, Os, and Nz peaks which 
followed could be recorded and measured on the same side of 
the base line. The retention times for COs, Hz, Os, and Nz were 
1.3, 3.6, 5.0, and 6.9 minutes respectively. The entire run was 
completed in approximately 8 minutes. 

Head-space gases in canned apricots. Canned whole apricots 
occasionally bulged during storage. This did not oceur in 
eanned apricot halves. An experiment was carried out to study 
the change in head-space gases of canned apricots during 
storage. The results are shown in Table 1. 

Canned apricot halves (Samples A through D) had a hy 
drogen content of 9.7 to 21.5%. Canned whole apricots (Sam 
ples E through G) were much higher in hydrogen content than 
those canned as halves. The bulge of the canned whole apri 
cots (Sample F and G) which were stored for 2 yr was 
apparently due to the accumulation of hydrogen gas. Since 
eanned whole apricots produced more hydrogen gas than canned 


TABLE 1 
Gas chromatography of head-space gases in canned Blenheim apricots 


Silica gel—Molecular sieve column, Argon as carrier gas 


| 

§ | Product Storage days Condition of can - -~ 

Sample 00, | H. | 

- A | Apricot, halves 35 Normal 10.4 9.7 1.9 78.0 

B Apricot, halves 260 Normal 4.2 16.3 1.3 78.2 

Cc Apricot, halves 360 Normal 9.7 21.5 1.9 66.9 

D Apricot, halves 720 Normal 9.6 | 19.7 1.6 69.1 

E Apricot, whole unpitted 360 Normal 0.5 78.8 0.3 20.4 

F Apricot, whole unpitted 720 Bulged 0.6 97.2 0.2 2.0 

G Apricot, whole unpitted 720 Bulged 0.8 95.3 0.2 3.7 

TABLE 2 
Gas chromatography of head-space gases in tomato serum concentrate (57° Brix) stored at 86° F for 90 days 
Silica gel—Moiecular sieve (Linde 13 X) column, Argon as carrier gas 
Gases in head space, 
Sample | Container Body tin plate Lids | -———— 
CO, He Og Ne 
7 1 | Glass jars, 5 oz None Lacquered 19.9 0 0.4 79.7 
2 Glase jars, 5 oz None Lacquered 16.8 0 0.4 | 82.8 
3 Lacqaered tin can, 211 x 304 1.00/0.25 differential electrolytic. 
Medium residual base plate. Lacquered 54.6 1.6 1.0 42.8 
4 Lacquered tin can, 211 x 304 1.00/0.25 differential electrolytic. 

Medium residual base plate. Lacquered 54.0 1.4 0.8 43.8 
5 Plain tin can, 202 x214 1.50 Ib hot dip common coke Plain tin plate 42.6 21.0 0.2 36.2 
6 |} Plain tin can, 202 x214 1.50 Ib hot dip common coke Plain tin plate 40.8 20.9 0.3 38.0 


apricot halves in the head space, it is possible that some con- 
stituents in the pit acted as tin aeccepters which dissolved the 
tin and iron into the solution. This caused a large increase in 
hydrogen in the head-space gas, and eventual bulging of the 
ean. The bulged eans were badly corroded on the inside, while 
normal cans were not. 

The total gas volume in the head space could also be used as 
an indication of corrosion and hydrogen formation in the can 
during storage. The oxygen in the head space of canned fruits 
rapidly disappeared during storage, causing smaller total gas 
volume in the head space. However, the formation of Hs caused 
an inerease in total gas volume. The bulged cans (Samples F 
and G) had a total gas volume of 125 ml at 30° C and a pres- 
sure of one atmosphere. This was about four times the volume 
of the head space. In normal cans in which bulging did not 
occur, the total gas volume at 30°C and one atmosphere of 
pressure was 20 to 40 ml only. 

Tomato serum concentrate. The tomato serum concentrate 
tended to turn dark and form a large amount of gas during 
storage at 86° F. Results (Table 2) indicate that the head- 
space gas in tomato serum concentrates stored in jars at 86° F 
for 90 days (Samples 1 and 2) contained 16.8 to 19.8% CO, 
but no He The same samples packed in lacquered cans (Sam- 
ples 3 and 4) had 54.0 to 54.6% COs, and 1.4 to 1.6 Hz. The 
samples packed in plain tin cans contained 40.8 to 42.6% COs, 
and 20.9 to 21.0% He. It appears that darkening of the serum 
concentrate was related to the formation of carbon dioxide gas. 


n laequered cans (Samples 3 


Less hydrogen gas was formed 
and 4) than in plain tin cans (Samples 5 and 6), indicating 
the importance of the protective action of lacquer lining. 

In all of the samples there was only 0.2 to 1.0% oxygen in 
the head space. This indicates the rapid absorption of oxygen 
by the tomato serum concentrate. 

The rate of darkening and CO, formation in stored tomato 
serum concentrate was much slower at 32° F than at 86° F. It 
is apparent that storage te nperature is important in deter- 
mining storage stability of the product. 

Oxygen in processed foods. Oxygen in the head space is 
deleterious to the storage quality of processed foods containing 
unsaturated oil and fats. Data in Table 3 show that oxygen 
was present in commercial samples of French dressings, salad 
oil, and instant mashed potatoes, indicating some imperfection 
in the nitrogen flushing processes and/or the packing. The 
molecular sieve column, with helium as a carrier gas, was effec- 
tive in separating oxygen from nitrogen and proved useful for 
quantitative analysis of oxygen in head-space gases. 


Gases in head space, % 
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TABLE 3 


Gas chromatography of head-space gases in processed foods 


Molecular sieve column—Helium as carrier gas 


DISCUSSION 


Composition of head-space gases can be used as a 
criterion for canned-food stability. High hydrogen 
and low nitrogen would mean that considerable 
amounts of iron have dissolved from the container, 
and hydrogen swell will soon follow. If the Maillard- 
type browning reaction were taking place due to im- 
proper storage at high temperature, the carbon di- 
oxide content in the head space would be high. 

Nitrogen, hydrogen, and carbon dioxide have been 
reported to be good carrier gases for analysis of un- 
known gases. However, these gases could not be used 
as carriers in this instance because they were the con- 
stituents to be analyzed. Helium was not a suitable 
carrier gas for hydrogen analysis because the thermal 
conductivities of the two gases are approximately 
equal. Thus argon was used as a carrier gas in 
analyses of head-space gases in canned fruits in which 
hydrogen gas was the important component to be 
analyzed. For analysis of oxygen in the head space 
of salad dressing, salad oil, and other packaged foods 
when hydrogen was not the important component, 
helium was used as a carrier gas. 

The percent hydrogen and the total gas volume in 
the head space were related to the degree of corrosion 
in the container. When the head space and the initial 
vacuum in the canned product were held at normal 
levels, the percent hydrogen in the head space was a 
reliable indicator of can corrosion. Under the condi- 
tions of this experiment no bulging occurred when the 
percent hydrogen in the head space was 78.8% or 
lower (Table 1, Sample E). The higher CO, content 
in canned apricot halves (Samples A through D) 
might be attributed to the COe gas from the tissue of 
the apricots which were sealed in the can prior to heat 
sterilization. In the case of the canned whole apricots 
(Samples E, F, and G), the CO, content was lower 
because of the higher hydrogen content produced by 
corrosion and the steam exhausting process. 

An approach to the solution of the problem of hy- 
drogen swell in canned whole apricots would be: (a) 
use of a heavier and better tin coating for the plate; 
(b) selection of a more corrosion-resistant base plate ; 
(ec) adjustment of the head space; and (d) control of 
processing temperature and time. 

The tomato serum concentrate used in this investi- 
gation contained 57% soluble solids and was less 
stable at room temperature than ordinary tomato paste 
of 26% total solids. This was probably due to a faster 
browning reaction in the high solids concentrate. 
Such a product may not be desirable for commercial 


Sample Product Container Treatment 
days 

1 French dressing 6 oz screw cap bottle Nitrogen flushed 2 44 95.6 

2 French dressing 6 oz screw cap bottle Nitrogen flushed 2 5.8 94.2 

3 Salad oil, cottonseed Qt. brown screw cap bottle Nitrogen flushed 10 10.9 89.1 

1 Salad oil, cottonseed Qt. brown screw cap bottle Nitrogen flushed 40 11.1 88.9 

5 Instant mashed potato powder No. 2% cans Ne pack 130 31 96.9 


| Pear 
| Storage time, G — in head space, % 


production unless some method can be developed to 
stop the browning reaction, or the product is kept 
under refrigeration. The latter means is rather costly 
and inconvenient. 

In the conventional analyses of gas mixtures by the 
Orsat method, the use of a large volume of sample or 
a special apparatus is needed. By application of gas 
chromatography, only 0.4 ml of sample is needed for 
analysis. This makes possible the analysis of small 
amounts of gases in the head space of processed foods. 


Acknowledgments 


The authors wish to thank Dr. D. C. Vosti of the American 
Can Company for his valuable advice in this work. 


LITERATURE CITED 


1. Bethune, J. L., and Rigby, F. L. 1958. Determination of 
the oxygen content of air in beer by gas-solids chroma- 
tography. J. Inst. Brew., 64, 170. 

2. Brenner, N., and Cieplinski, E. 1959. Gas chromatographic 
analysis of mixtures containing oxygen, nitrogen, and 

Ann. N. Y. Acad. Sci., 72, 705. 


earbon dioxide. 


3. Fisher Scientific Company. Fisher gas partitioner. Bull. 
FS-275. 
4. Greene, 8. A., Moberg, H. L., and Wilson, E. M. 1956. 


Separation of gases by gas-adsorption chromatography. 
Anal, Chem., 28, 1369. 

. Greene, S. A., and Pust, H. 
alumina in gas adsorption 
Chem., 29, 1055. 

6. Greene, S. A., and Roy, H. E. 1957. Effeet of different 
carrier gases on retention times in gas-adsorption chro- 
matography. Anal. Chem., 29, 569. 

7. Johnson, H. W., and Stross, F. H. 1958. Terms and units 
in gas chromatography. Anal. Chem., 30, 1586. 

8. Keulemans, A. I. M., and Verver, C. G. 1957. Gas Chro 
matography. Reinhold Pub. Corp., New York, N. Y. 

E. 1957. 

methane, and 


1957. 
chromatography. 


Use of siliea gel and 
Anal. 


Separation of hy- 
earbon mon- 
Anal, Chem., 


9. Kyryacos, G., and Boord, C. 
drogen, oxygen, nitrogen, 
oxide by gas-adsorption chromatography. 
29, 787. 

10. Ray, N. H. 1954. Gas chromatography. II. The separation 
and analysis of gas mixtures by chromatographic 
methods. J. Appl. Chem., 4, 82. 

11. Stahl, W. H” ,»elker, W. A., and Sullivan, J. H. 1960. A 
gas chromatographic method for determining gases in 
the head space of cans and flexible packages. Food 
Technol., 14, 14. 

12. Van de Craats, F 
matography in the 
Acta, 14, 136. 

13. Vosti, D. C., Hernandez, H. H., and Strand, J. B. 
of head space gases in eanned foods by gas chromatog- 

raphy. Food Technol., 14, No. 4, Abstract of paper No. 

207, presented at the Twentieth Annual Meeting of the 

Institute of Food Technologists, San Francisco, Cali- 

fornia, May 15-19, 1960. 


1956. Application of vapor-phase chro- 
gas-analytical field. Anal. Chim. 


Analysis 


54 
‘ 
*, 
Fi 
é 
% 


Storage Changes in Frozen Fish: 


A Comparison of Objective and Subjective Tests 


(Manuscript received January 25, 1960) 


SUMMARY 


Herring fillets, treated by dipping in 0.5% aseorbie acid and 
as reference, were frozen and analyzed at monthly 
method accompanied by organoleptic 
estimations. The chemical changes aseertained by the TBA 
method exhibit good agreement with the changes in taste. The 
untreated rancid after 2 months’ storage, 
whereas the treated samples remained palatable for 11 months. 


untreated 
periods using the TBA 


samples became 


METHODS have been worked 
out for the chemical determination of rancidity, and 
a great number of papers have been published on 
these problems. However, there is still no satisfactory 
method for the objective chemical determination of 
rancidity, and particularly of the rancid taste in 
different food products. 

In the case of fish it is evident that the chemical 
method of determination most employed, namely, the 
determination of the peroxide value (5, 7, 8), does not 
give a measure of the more or less pronounced rancid 
taste of the product. However, the method with 
2-thiobarbiturie acid (TBA), worked out by Bern- 
heim et al (1), has turned out to be promising, and 
it has been tested on frozen fish among other products 
by Fridriksdottir ‘(5). She demonstrated that the 
method was not suitable for determining the rancidity 
of frozen herring. The method has later been further 
developed by Yu and Sinnhuber (6, 9); they report 
that the modified method is effective in the chemical 
determination of rancidity in different types of fish 
products, e.g¢., fish meal, fish oil, fresh and frozen fish. 

The experiments described in this paper were car- 
ried out to: (1) determine the correlation between 
chemical methods for measuring rancidity and or- 
ganoleptic evaluation by experienced tasters, and (2) 
determine the effect of ascorbic acid on rancidity 
development during storage of frozen herring. 


EXPERIMENTAL 
Raw material. Newly caught herring were filleted by ma- 
chine on March 10, 1958, and quickly transported from the 


fish-filleting factory to the laboratory, where they were treated 
and frozen. The freezing took place about 24 hr after the haul. 
The fillets were packed in consumer containers of cardboard 
waxed on the inside holding ¢ 300 g. In one experimental series 
the fish were treated first by immersion in a 0.5% solution of 
The solution also contained a thickening agent. 
40° C and the storage 
organoleptically and 


ascorbic acid. 
The freezing took place 
at -—20°C. The 
examined chemically onee a month. 

Organoleptic evaluation. Two experienced judges tasted the 
cooked identifiable visually as to 
their being treated or untreated) and graded them according 
to a from 1 to 10 denoted very high quality 
comparable to fresh fish and than 5 
signified that the taste that the 
product would be considered unsatisfactory. 


in a tunnel at 
judged 


samples were 


samples (which were not 


seale 10, where 


5 just aeceptable. Less 


rancid was so pronounced 


Kerstin Andersson and 
Carl Erik Danielson 


Findus Research Laboratory, 
Sweden 


Bjuv, 


This was carried out ae- 
In 
was 


Determination of peroxide value. 
cording to the standard method described by Jacobs (3). 
addition extraction in a Soxhlet apparatus for 18 hr 
employed. 

Moisture content. This was determined by weighing a sample 
before and after drying at 105° C for 24 hr 

TBA determination. This was performed according to Yu 
and Sinnhuber (9). TBA according to Kohn 


and Liversedge (4). 


was 


prepared 


RESULTS 


Fat contents. Table 1 shows the fat extracted from herring 
shaking with chloroform for 1 hr (method 1 by ether 
extraction for 10 hr (method 2 Test A 
frozen fillets, test B 


and 
denotes untreated 
3 corresponding fillets treated with ascorbic 


acid, 


TABLE 1 


Fat extracted from herring by two different extraction methods 


Fat extracted 


% of total 


weight 


Storage in months 


Method 1 Method 2 

4 B \ B 

0 64 6.6 11.2 11.2 

1 7.0 7.6 10.9 

2 6.6 4.5 19.2 6.7 

5.7 8.9 9.7 

4 4.9 7.2 10.2 11.8 

4.7 4.6 10.4 5.5 

6 1.8 5.8 ] i 9.2 

7 5.3 6.1 11 10.8 

~ 6 5.9 11 9.1 

) 5.9 6.7 l 10.1 

10 7 1 11.4 5.0 
The two methods yield very different values, which is evi 
dent in Table 1. Method 1 is not considered to be a quanti 


tative method for fat determination but is intended only to 


give a tolerably representative sample of the fat for determina 
tion of the peroxide value. Hers been pointed out 
that the method cannot be employed for quantitative determi 


it has only 


nation. 
Peroxide value. The peroxide values of the untreated samples 
(test A (test B) 
are shown in Table 2 averages of 
two determinations. 
Determination with TBA reagent. In Table 3 


and the samples treated with ascorbic acid 


and Figure 1. The values are 


are found the 


results from the determinations with TBA (average of 2 
determinations) and from the organoleptic evaluation. The 
values have been used for Figures 2 and 3. The TBA value is 


defined as mg of malonaldehyde per 1,000 g of sample. 


DISCUSSION 


From Table 3 and Figure 3 it is seen that the un- 
treated sample after 2 months’ storage was so rancid 
that its taste could not be said to be satisfactory. The 
sample treated with ascorbic acid kept as long as 11 
months. A comparison of Figures 2 and 3 reveals 
very clearly that the chemical changes ascertained by 


the TBA method exhibit good agreement with changes 


i - 

| 

| 
| 
| 

| 
| | 

: 

= 

q 

ou 


56 FOOD TECHNOLOGY, FEBRUARY, 1961 


in taste. Thus the TBA method is, according to the 
results obtained here, a utilizable method for the de- 
termination of rancid taste in herring. It is also 
very evident from Figures 1 and 3 that determination 
of the peroxide value does not give a reliable measure 
of the rancid taste. 

However, one cannot overlook the fact that one of 
the analytic methods employed, organoleptic evalu- 
ation, is of a subjective nature and therefore suscepti- 
ble to great error. It would therefore be desirable if 
a corresponding investigation were performed in an- 
other institution, so that an answer might be obtained 
as to whether or not the TBA method can be employed 


Peroxide 
number 


100+ 


10 12 
Storage time- months 
Figure 1. The peroxide number of untreated (O) herring 
and corresponding samples treated with ascorbic acid (X) 
during storage. 
TABLE 2 


The peroxide numbers of frozen herring fillets after different 
times of storage. 


Peroxide values 
(Millimoles of peroxide per L000 ¢g 


Storage in months of sample) 


Test A Test B® 


106.0 


untreated sample. 
sample treated with ascorbic acid 


TABLE 3 


Organoleptic evaluation and TBA values of frozen herring 
fillets after different times of storage. 


Taste score TBA value per g fish 
Storage in | 
months Untreated | Treated with | Untreated | Treated with 
fish ascorbic acid fish ascorbic acid 


0.032 0.032 
0.059 o.041 
0.113 0.027 
0.119 0.038 
0.044 
0.040 
O.O51 
0.045 
0.036 
0.089 


Taste 
score 


104 


Oo 


ro) 2 
Storage time-months 
Figure 2. Results from the organoleptic evaluation of un- 
treated (X) herring and samples treated with ascorbic acid 
(O) after different times of storage. 


TBA 
number 


025+ 


+ + = 


Storage fime-months 
Figure 3. TBA value as a function of time of storage in 
frozen herring, in untreated (X) samples and in the samples 
treated with ascorbic acid (0). 


generally. It is entirely too premature, on the basis 
of this experiment, to attempt to give the highest TBA 
value at which no rancid taste can be detected. 
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INSTANT STARCHES 


FOR READY-MIXED SPECIALTIES 


You name it! Cocktail dips, meat sauces, chiffons, 
chocolate milk drinks, fruit toppings—any dehydrated 
mix from soup to dessert can be thickened and stabil- 
ized with Instant Starches from National. 


These new pre-gelatinized starches eliminate cook- 
ing, prolonged stirring, cooling. Housewife or chef, 
you simply add liquid to ready mixed specialties and 


750 Third Avenue, New York 17 ° 


3641 So. Washtenaw Avenue, Chicago 32 * 


stir. Another outstanding convenience in modern day 
specialty foods. 


Instant Starches from National give every effect from 
glossy, crystal clear toppings to creamy homogene- 
ous sauces. They even act as a freshener for cakes 
baked from mixes. We'd be glad to make recom- 
mendations. Just contact your nearest National office. 


STARCHES 


NATIONAL STARCH and CHEMICAL CORPORATION 
735 Battery Street, San Francisco 11 


And All Principal Cities in the United States, Canada, England and Mexico 
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8.9 cm-! 


4.8cm-! <— half band width 


half band width 


2.0 cm-! 


3.7 cm-! 


SPECTRAL SLIT WIDTH 8.0 cm-! 


Left, spectrum of a 0.21 mm. 
thickness sample of spectro-grade 
cyclohexane demonstrates the 
importance of high resolution for 
routine quantitative analysis. 


Right, the C-H stretching band 


of methane illustrates the increased 
research data obtainable with 
high resolution spectroscopy. 


Beckman IR... 
highest resolution for routine 
quantitative analysis and 
advanced theoretical studies. | 


High resolution of the Beckman | 
IR-7 does more than merely 
separate closely spaced neighbor- 
ing bands. Note, for instance, | 
how the apparent intensities of | 
the two cyclohexane bands 

increase with higher resolution. 
The relatively greater increase 
in the intensity of the 903 cm-! 
band at higher resolutions is 


the result of its narrower half- 
band width. These two commonly 
analyzed samples demonstrate 

the importance of high resolution 
in both low and high frequency 
regions and, for both gas 

and liquid samples. Comparative 
spectra were run with identical 
samples; slit width and resolutions, 
were varied as noted. 4 High | 


1.0 cm-! 


resolution is essential for all areas 
of spectroscopy ; for studies of 
molecular motion and structure, | 
for differentiating between 
substances which exhibit similar 
spectra, and also for providing 
increased sensitivity and absolute 
accuracy for quantitative analysis. 
A further long-run advantage 

of high resolution is the increased 
potential for transferring data 
from one instrument to another. 
For more information about high 
resolution spectrophotometers, 
including indene spectra, write 

for Data File 84-2-02. 


5.0cm-! 


Beckmar 
Scientific and Process | Instruments Division 
Beckman Instruments, Inc 
Fullerton, California 


Beckman has BIG news for you SPECTRAL SLIT WIDTH 20.0 cm=! 
at the Pittsburgh Symposium 2900 3000 3100 3200 


861 cm-! 
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Quality of Pork Chops to Backfat 


Thickness on Hog Carcasses” 


(Manuscript received july 23, 1960) 


SUMMARY 


Quality factors of interest to consumers were determined on 
rib and loin chops from 96 paired loins from hog carcasses that 
varied in backfat thickness from 1.0 to 2.3 in. by 0.1 in. inere 
ments. Degree of marbling in the longissimus dorsi muscle was 
scored in two chops: one at the 10th rib and the other at the 
4th lumbar vertebra. Marbling was similar in the different 
sections, but degree of marbling increased slightly as the back- 
fat increased. Cooking of pork chops showed that total losses 
from braised 14-in.-thick chops were not associated with amount 
of backfat. Regardless of the position in the loin or of the 
amount of backfat, average total cooking losses during braising 
of %-in. pork chops were about one-third the raw weight. Drip 
losses from pork chops increased from 3.5 to 7%, and volatile 
+, as the backfat increased. 
Separable fat on raw and cooked rib or loin chops increased 
with increasing backfat. Lean in raw or cooked rib chops and 
raw loin chops decreased with increased backfat. Amount of 
lean in cooked chops decreased 3% with an increase of 1 in. in 
backfat thickness. Amount of backfat on the carcass did not 
have a significant effect on the tenderness, juiciness, or flavor 
of braised pork chops. However, shear-foree measurements 
made on raw longissimus dorsi muscle indicated a slight in- 


losses decreased from 28 to 23% 


erease in tenderness of raw muscle as the backfat increased. 
Marbling of fat in the lean had a significant positive effect on 
both tenderness and juiciness of braised pork chops. Marbling 
in the raw longissimus dorsi musele at the 10th rib or the 4th 
lumbar vertebra shows more promise as a means of predicting 
tenderness and juiciness of braised %-in. rib and loin chops 
than thickness of backfat. 
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Ix RECENT YEARS considerable em- 
phasis has been given to the production of lear type 
hogs. Investigations on meat and fat type hogs have 
been concerned largely with backfat measurements, 
dressing percentage, carcass cut-out value and lean- 
to-fat ratio in the total carcass. Relationships of fat 
cover and careass quality to eating quality and com- 
position of individual cuts have received little 
attention. 

Tenderness is one of the most important qualities 
of meat from the consumer’s viewpoint. Studies in 
Iowa, Missouri and Oregon have shown that the 
amount of external fat and the ratio of fat to lean 
have important implications in consumer acceptance 
of pork (2, 4, 10). Information is needed on relation- 
ships among depth of backfat on hog carcasses on the 
one hand and marbling, lean-to-fat ratio and eating 
quality of pork cuts on the other. 

The present investigation was devoted to studies of 
rib and loin cuts from hog carcasses similar in weight 
but varied in backfat thickness. The objective was to 
obtain information on the quality of pork cuts avail- 
able to the consumer in the present market rather 
than to measure the quality of hogs of known breed 
and feed. Relationships of cooking losses, yield and 
eating quality of pork to thickness of backfat on the 
carcass were investigated on cuts trimmed according 
to standard packing house practices. Pork roasts, 
chops and eured hams from 48 carcasses were used. 
Only data on quality of braised rib and loin chops are 
included in this report. The following determina- 
tions were made: marbling; cooking losses; raw and 
cooked yield of fat, lean and bone of trimmed cuts; 
tenderness as measured by shear foree; and eating 
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quality as determined by sensory evaluation of flavor, 
tenderness, and juiciness of braised pork chops. Data 
on quality of pork roasts and cured hams and results 
of the determinations on composition by chemical 
analysis for fat, moisture and nitrogen content of 
loin roast, braised rib and loin chops and cured hams 
will be reported later. 


EXPERIMENTAL PROCEDURE 


Loins from both the right and left sides of 48 hog carcasses 
were purchased from an Iowa packing company. Live weight 
of the hogs ranged from 215 to 230 Ib and the age range was 5.5 
to 8 months. No attempt was made to seleet hogs according to 
breed; however, the breeds represented were Landrace, Tam- 
worth, Hampshire, Yorkshire, Chester-White, Duroe, Poland 
China and combination breeds. Carcass weights ranged from 
148 to 168 lb. They were selected on the basis of backfat thick- 
ness to include 1.0 to 2.3 inches in inerements of 0.1 inch of 
baeckfat. The packing company supplied information on sex 
of the hogs; chilled weight, length, backfat thickness and 
grade of the eareass; and weight of loins before and after 
trimming external fat to a depth of ™% inch. Meat packers 
who are members of the American Meat Institute have an 
agreement to trim the external fat on pork loins to 4% inch at 
the packing plant. To determine the degree to which this had 
been accomplished, 3 measurements were made in our labora- 
tory on the thickness of the external fat on the anterior and 
posterior end of the rib seetion and on the loin B seetion of one 
ioin from each eareass. 

Loins were delivered to Iowa State University (usually 2 
days after slaughter) in lots of 8 or 16 loins per shipment. 
Loins were put immediately into a walk-in cooler (38° F + 1.5°) 
where they were kept until cut for testing. Experimentation 
on the loins, started the day after delivery, was continued daily 
until all loins in the shipment were tested. 

On each day of testing, 4 loins from 2 carcasses that differed 
by at least 0.4 inch in backfat thickness were cut at the 10th 
rib on an electric saw in the meat laboratory. In this study, 
only that portion of the loin posterior to the tenth rib was 
evaluated as pork chops. Thus, all future reference to loin will 
pertain to the portion posterior to the 10th rib and LD will be 
used to designate the longissimus dorsi musele. 

One loin from each carcass was chosen at random and cut 
into 44-inch chops, the thickness most often found in the retail 
self-service meat ease. These chops were divided into 3 groups 
(See Figure 1) designated as follows: 

1. Rib chops—chops between the 10th rib and the origin of 

of the psoas major muscle 

2. Loin chops A—the 6 loin chops pesterior to the rib chops 

3. Loin chops B—chops posterior to the chops designated as 

loin chops A and anterior to the pin bone 

After cooking, the rib chops and loin chops B were used for 
determination of yield and chemical test; loin chops A, for 
taste panel. The sirloin tip (ST in Figure 1) was not used. 

One loin from each careass was used raw for chemical de- 
terminations, yield of fat, lean and bone and shear force 
measurements (Loin chops A). The loin was cut into 3 sections 
(rib, loin A, loin B; Figure 1) but not into individual chops. 
Each of the 3 sections on the raw loin was equivalent by 
measurement to the divisions on the other loin from the same 
animal which was cut into chops for cooking. 

Marbling score. Four judges evaluated the degree of 
marbling based on the intermingling of the fat with the lean 
in the LD muscle of the rib chop nearest the 10th rib and also 
at the 4th lumbar vertebra (loin chop 8, Figure 2). Marbling 
was judged before the chops were cooked and the following 
values were used: 5—abundant, 3—moderate, 1— slight. The 
pictures shown in Figure 3 were selected as representative of 5 
degrees of marbling and were used as standards by judges in 
this laboratory and in the laboratories of the Human Nutrition 
Research Division in assigning scores for marbling (1). 

Cooking. Chops were braised in 4 electric fry pans (12 
inch) that were preheated at 360° F for 15 min. Hydrogenated 


Figure 1. Pork chops divided into groups: R—rib chops; 
A—loin chops, section A; B—loin chops, section B; and ST— 
sirloin tip. 


fat (5 g) was added to each of the preheated pans and dis- 
tributed as evenly as possible for 1 min. Then the fry pans 
were weighed. 

Four chops from the same loin were placed in the preheated, 
greased pan, browned 3 min, turned and browned 3 min with 
the thermostatic control at 360° F. The thermostatie control 
was then turned to 200° F, the fry pan covered, and the chops 
braised for 9 min. Total cooking time was 15 min; no water 
was added. After the chops were drained for 1 min on paper 
towels, they were weighed individually and used immediately 
for objective or subjective evaluations. Weight of the fry pan 
plus the drippings was recorded within 1 min after the re- 
moval of the chops. These weights were used to calculate total, 
volatile and drip losses. 

Yield of fat, lean and bone. Rib and loin B sections of the 
raw loin were weighed and then manually separated into fat, 
lean, bone and inedible waste and weighed. After the cooked 
chops from the rib and loin B sections were weighed, they were 
separated into the same portions deseribed for the raw loin 
and each of these was weighed. 


Caleulations of the percent yield of the fat, lean and bone 
of raw loin seetions were based on the weight of the raw loin 
sections before separation into the component parts. Likewise, 
percent yield of the cooked chops was caleulated on the basis 
of the weight of the cooked chops. 


Shear force. Shear force determinations, using a modified 
Warner-Bratzler shearing apparatus, were made on two 1-inech 
cores cut from the LD muscle of the raw loin, section A. One 
core was obtained proximal to the backbone and the other 
sample was obtained distal to the backbone. Each core was 
eut 3 to 4 times on the shear apparatus. These readings, which 
indicated the force in pounds required to cut through the LD 
musele sample, were averaged for the proximal and for the 
distal part of each loin section A. 

Subjective evaluation. One loin from each animal was 
randomly selected for cooking. The 6 braised chops (loin sec- 
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Figure 2. Division of the pork loin used for cooking. 
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tion A, Figure 2) were presented to a panel of six carefully 
selected and trained judges to score for flavor, tenderness, and 
juiciness. The numerical seale and descriptions used by the 
panel for rating the quality characteristics of pork chops are 
shown in Table 1. On the day of testing, 2 coded pork chops— 
one from each of the 2 carcasses—were served hot on heated 
porcelain dishes to each panel member seated in a panel booth. 
On any test day, these 2 chops were from the same anatomical 
location in the 2 loins tested. However, the 6 adjacent chops 
were assigned to the judges so that at the end of a 6-day test- 
ing period each judge had evaluated one chop from each of the 
6 loeations in loin section A. 

Statistical design and analysis. The statistical design was 
an incomplete block design of paired comparisons of pork chops 
from loins from 2 careasses that on any test day varied in back- 
fat thickness by 0.4 inches or more (see Table 2). There were 
two aspects of the statistical design. The first was concerned 
with the selection of the pork carcasses. Since it was considered 
desirable to examine loins from some eareasses of extreme 
backfat thicknesses, 14 groups were used with backfat thickness 
ranging from high (2.3 inches) to low (1.0 inch) in inerements 
of 0.1 inch. From the 91 possible paired comparisons of loins 
from careasses in these 14 backfat groups, 24 pairs were se- 
lected systematically, according to the statistical design shown 
in Table 2. 


TABLE 1 


Descriptions used by panel for rating palatability character- 
istics of cooked pork 


Numerical 


Juiciness Flavor? 
scale 


Tenderness 

Very full, rich 
characteristic 

Slightly less juicy Full, charac- 


| Very tender Juicy 


| Slightly less 
tender teristic 
Moderately tend Moderately ji Moderately full 
Slightly tough Slightly dry Slightly weak 
Very tough Very dry Lacking or masked 


11f natural flavor was masked by off-flavor, the panel was asked to 
name off-flavor and indicate intensity as slight, moderate, or pronounced. 


The second aspeet of the statistical design concerned the 
analysis of the data from the subjective evaluation of the 
cooked chops. To eliminate differences between days, caused 
by variability of and between judges, statistical analyses of 
taste panel scores were made on within-day differences using 
the formula: 

dx = ty rT 
where dx was the observed differences of the k*" pair 


t; was the effect of the i™ backfat thickness 


MODERATE 


ABUNDANT 


Figure 3. Photographic standards used for assigning marbling scores (raw longissimus dorsi muscle at the 10th rib and the 4th 


lumbar vertebra). 
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TABLE 2 
Statistical design for paired comparisons of pork loins 


Treatment combinations ! 


Backfat 
in 


x 


x 
x x 


! 
1 
! 
1 


1 Indicates the 24 pairs of carcasses differing by at least 0.4 inches 
in backfat to be tested on particular days; the pairs to be submitted by 
the packer in random order. For combinations from 1.0 to 1.3 inches 
read across, 1.4 to 1.8 inches read down and across; e.g. 1.8 would be 
compared to 1.2, 1.4, 2.2, 2.3. Above 1.8 inches, read down. 


t) was the effect of the j'" backfat thickness 
e was the error arising from the variability of judges 
between days. 


The method of analysis was the standard one for an incomplete 
block design | Kempthorne (6), Seetion 6.3]. Fitting of this 
model with the restriction that t. 0 led to reduced normal 
equations, 

Analyses of variance were obtained by standard procedure 
(6,9): 


Total S.S. 


Treatment 


|sum of the estimates times 
Cregression ) S.S. 


the right hand side of the 
: normal equations | 


Error S.S. was obtained by subtraction, 


RESULTS AND DISCUSSION 


Marbling. Graphic presentation of average mar- 
bling scores for intermingling of the fat with the lean 
in the LD musele in both rib and loin chops (Figure 
4) indicates that the marbling in different sections of 
the LD musele was similar since the scores for both 
locations were frequently the same. Also, the plotted 
data illustrate that although there was a tendeney for 
higher scores for marbling in loins of the careasses in 
the higher backfat groups, high scores for marbling 
were not confined to these groups (Figure 4). For 
example, the only chops to receive the highest mar- 
bling seore of 5 were from a Duroe with backfat of 


MARBLING 


= Rib Chop neores! 10th Rib 
Center Loin Chop No 8 
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MARBLING S$ 


20 


BACKFAT THICKNESS-INCHES 


Figure 4. Average marbling scores for longissimus dorsi 
muscle in pork chops from hog carcasses that varied in backfat 
finish. 
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1.4 inches and lowest scores of 1 were given to the rib 
chops from a Chester-White (backfat thickness 1.2). 
Also, marbling scores of 4 were given to chops from 
one or more animals in 8 of the 14 different groups 
studied, namely 1.1, 1.3, 1.4, 1.5, 1.7, 1.9, 2.0 and 2.3. 
If investigations reveal that marbling and flavor or 
tenderness and juiciness are correlated, then the fact 
that a high degree of marbling is found in some hogs 
with low backfat will be of particular interest. 

Statistical analyses revealed that in both the rib 
and loin chops the regression of marbling on backfat 
thickness was significant at the 5% level (b = 0.6). 
However, there was variation in marbling among ani- 
mals with the same amount of backfat. It would 
appear that other factors influence marbling. 

Recently Judge et al (5) reported that the breed of 
the hog was significant in its influence on degree of 
marbling which they evaluated in descriptive terms : 
slight, moderate or abundant. Also, they stated that 
loins from meaty carcasses were slightly less firm and 
had less marbling than loins from fatter carcasses ; 
the correlations were low, however, and account for 
only a small portion of the variation. 

Cooking losses. Average total cooking losses during 
braising pork chops were approximately one-third of 
the raw weight regardless of the position in the loin 
or of the amount of backfat on the pork carcass, see 
Figure 5. However, averages calculated separately 
for each section of the loin indicated that total cooking 
losses for rib chops generally were 1 to 3 percentage 
points lower than losses for the loin chops. 


Total weight loss 


> 
Volatile loss 


Drip loss 


WEIGHT LOSS -PERCENT 


is 20 
BACKFAT THICKNESS- INCHES 


Figure 5. Relation of average percent drip, volatile and 
total cooking losses for all chops to the thickness of backfat 
on the hog carcass. 


Average drip losses for both rib and loin chops 
ranged from 3.5 to 7% and with an increase in back- 
fat thickness, drip losses tended to increase; average 
volatile losses ranged from 23 to 28% and tended to 
decrease with an increase in backfat thickness. 

When 14-inch chops were braised, there was a slight 
increase in drip losses, b = 2.3% weight loss per 
1 inch of backfat, and small decreases in volatile 
losses, b = —2.3, as the backfat thickness increased 
one unit. The average losses for chops presented 
graphically in Figure 5 indicate that the effect is 
rather slight. Saffle and Bratzler (8) reported that 
total cooking loss was not significantly different be- 
tween backfat groups but drip losses were directly 
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How it helps 
sell sugar packs 


This spring a new Sugar message in LIFE Magazine reminds 35 million 
readers that “sugar contains only 18 calories per teaspoon. Yet it provides 
quick energy, helps dieters by satisfying appetite, and makes almost any 
food taste better.” 

This advertising has 2 objectives: 1) to inform Americans about the im- 
portance of sugar in the diet, and 2) to win more friends for all the good 


products containing and packed with sugar. 


SUGAR INFORMATION, INC. 


New York 5, New York 


All statements in this message apply to both cane and beet sugar. 
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uwigue Alpi Colloids To improve your food produils 


In Frozen Foods, Kelcoloid, in acid 
to neutral foods having oil-water 
systems, provides emulsion stabil 
ity. Coarse ice crystal formation is 
retarded. Kelcoloid holds 
of food, maintains smooth uniform 
texture, and promotes complete 
flavor release 


structure 


No Surer Wa 


In Gravies, and in Cream, Meat and 
Barbecue Sauces, Kelcoloid pro- 
vides efficient emulsion stability, 
and aids in thickening and body- 
ing, too. Kelcoloid produces prop- 
erly stabilized, free-flowing sauces 
that are homogenous and eye ap- 
pealing, with clean full flavor. 
Shelf life is measurably extended. 


In Salad Dressings, Kelcoloid, 
highly efficient stabilizer, prevents 
body separation and markedly 
increases shelf life. Kelcoloid pro- 
motes a uniform, smooth consist- 
ency giving dressings a highly 
desirable, palatable appearance. 


to Achieve Effective 


Emulsion Stability 


KELCOLOID HVF, the high viscosity 
member of this series, is generally recommended 
for use where a decided increase in viscosity is 
desired along with effective emulsion stability. 


KELCOLOID LVF, the low viscosity 
member of this algin series, produces excellent 
emulsion stability and desirable body qualities. 
The LVF is recommended for use where a high 


degree of emulsion stability is desired with a min- 
imum change in viscosity and body properties. 


YOURS ON REQUEST: Free samples of 
KELCOLOID and other Kelco algin products, 
plus Technical Data describing properties, ad- 
vantages and uses. At your service, too, are highly 
qualified food technicians ready to give individ- 
ual attention to your problems. Write without 
obligation to your nearest Kelco regional office. 


Kelcoloid HVF® Kelcoloid LVF® products of Keleo Company 


75 Terminal Avenue, Clark, N. J. «20 N. Wacker Drive, Chicago 6, Ill. * 530 W. Sixth Street, Los Angeles 14, 
Cable Address: KELCOALGIN —- CLARKNEWJERSEY 


| an nical bulletin: 
6 REFINE t hn 1C< 
= | 
| 
x 
4 
60B 


BACKFAT THICKNESS RELATED TO PORK CHOP QUALITY 61 


related to finish and evaporation losses were inversely 
related to finish. 

Yield of fat, lean and bone. It should be noted that 
the fat yield on all chops reflects to some extent dif- 
ferences in trimming at the packing plant in spite of 
their efforts to trim all loins uniformly. Three meas- 
urements were made in our laboratory on the anterior 
and posterior end of the rib section and on the loin B 
section of one loin from each careass to determine the 
amount of exterior fat covering on the loins, that had 
been trimmed by accepted packer standards. The re- 
sults indicated a tendeney for the loins of animals in 
the lower backfat groups to be trimmed more severely 
than those in the higher backfat groups. In spite of 
this, data on weight of loins before and after trim- 
ing (supplied by the packing plant) indicated that 
average trimming losses of pork loins increased with 
an inerease in backfat thickness. Average weight 
losses due to trimming of pork loins ranged from 
4-6% for carcasses in the 1.0 to 1.6-inch groups and 
6-10% for those having 1.7 to 2.3 inches of backfat. 

There was considerable variation in percentage of 
fat and of lean among animals that had the same back- 
fat thickness. The extent of variation in fat and in 
lean of raw rib chops within and between backfat 
groups is shown in Figure 6. These data are typical 
of the variation that was found in the raw loin chops 
and in all the cooked chops, too. In spite of this 
variation some trends were noted. 
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BACKFAT THICKNESS - INCHES 
Figure 6. Scatter diagram and regression of fat and lean 
yields of the raw rib section on average backfat thickness of 
hog carcasses. 


The percentage yield of fat and lean calculated on 
the basis of the weight of the chops immediately be- 
fore separation is classified according to careass back- 
fat thickness in Table 3. Comparison of data on per- 
centage yield of fat reveals that in any one backfat 
classification the amount of fat was similar in rib and 
loin raw chops and in rib and loin cooked chops. The 
amount of lean was higher in both raw and cooked 
loin chops than in rib chops. The extent of the effect 
of backfat thickness of the hog careass on the amount 
of fat and lean in raw or in cooked chops from the 
rib or the loin section may be ascertained by an 
examination of the ‘‘b’’ values in Table 3. The in- 
creases in backfat had a greater effect on the amount 
of fat than on the amount of lean in all chops and the 
fat in raw rib chops was affected the most and lean 
in cooked loin chops the least by increases in backfat 
thickness on the hog eareass. 

The rib chops had a higher percentage of bone than 
the loin chops, 14-23% in raw rib chops and 20-29% 
in cooked chops; 9-17% in raw loin chops and 11- 
20% in cooked chops. Also, the percentage of bone in 
all chops decreased as backfat increased. 

Although considerable variation in yield was noted 
among animals within any group, statistical analysis 
revealed that backfat thickness had a highly signifi- 
eant effect on yield. Results of regression analyses 4 
were as follows: (a) percent of separable fat in loins 
increased with each increase of 1 inch in backfat 
8.94 for raw and 6.72 for cooked; and 
—5.98 for 


values were sig- 


thickness, b 
(b) percent of lean in loins decreased, b 
raw and —2.93 for cooked. All ‘‘b’’ 
nificant at the 1% level except the last one for amount 
of lean in the cooked chop which was significant at the 
5% level. 

Shear force and tenderness, Average shear force 
values determined for the raw loin section A of one 
In 34 
out of the 48 loins tested, the proximal (nearest the 
backbone) had lower shear force values than the distal 


loin from each carcass are plotted in Figure 7. 


samples. This has important implications in taste test- 
ing and emphasizes the necessity that a judge sample 
all of a slice of meat. Cover (3) reported that the 
cooked LD muscles of beef rib roasts were more tender 
near the spine than at the outer edge of the muscles. 
Statistical analyses revealed that the regression of 
backfat thickness of pork carcasses on shear force 


"For the pooled data for rib and loin chops. 


TABLE 3 


Average‘ yield of fat and lean from raw and cooked rib and loin pork chops 


Backfat thickness 


Raw? 

Group (Inches) Rib 

1.0-1.2 if 
II 1.3-1.6 22 
ill. 1.7-1.9 25 
b” value 2... 10.8 


‘Each average represents chops from 12 loins. 
2 Percent calculated on the weight of the raw meat before separation 


® Percent calculated on the weight of the cooked meat before separation. 


Fat Lea 
Cooked Raw? Cooked * 
Rib Loin Rit Loin hib Loin 
¢ % N 
15 if 61 64 7 os 
19 20 7 64 , 60 
2 2 4 99 2 60 
3 59 60 
7 f Hf —5.7 2.3 
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Figure 7. Average shear force values and tenderness scores 
determined on loin section A for pork chops from carcasses 
of various backfat thicknesses. 


values for raw loin section A was significant at the 
% level for both proximal (b = —3.9) and distal 
(b = —4.9) samples. 

Tenderness and juiciness. Analysis of variance in- 
dieated that tenderness or juiciness of braised pork 
chops was not significantly affected by backfat thick- 
ness of the hog carcass. However, examination of the 
scores for tenderness and juiciness revealed that these 
two factors were closely related ; that is, higher scores 
for juiciness were associated with higher tenderness 
scores and vice versa (Tables 4 and 5). For example, 
the lowest tenderness score (1.8) and also the lowest 
juiciness score (2.8) were ,iven to chops from a car- 
cass that had 1 inch of backfat, whereas highest 
tenderness score (7.8) and also the highest juiciness 
score (6.8) were given to chops from a careass with 
1.1 inches of backfat. 

Comparison of the tenderness scores (Table 4) of 
cooked pork and of shear values for raw pork (Figure 
7) shows that results obtained on the tenderness of 
raw pork measured by shear force do not agree with 
the subjective evaluation of cooked pork. In addition, 


TABLE 4 


Panel scores’ for braised pork chops from 48 pork carcasses 
varying in fatness 


Backfat No of 


j 
Tenderness Juiciness Flavor 
(inches) 
1.0-1.2 12 4.5 4.0 6.5 
1.3-—1.6 12 5.3 4.6 6.5 
1.7-1.9 12 5.6 4.7 64 
2.0-2.3 12 5.1 4.3 6.4 
F value <1? 2.252 1.192 


! Average scores represent 72 judgments (6 judges x chops from 
12 loins). 
2 Not significant as determined by analyses of variance 


TABLE 5 


Marbling scores and taste panel scores for pork chops from 
loin section A 


Panel scores 


Marbling No of Backfat 
ome loins groups! Tenderness Juiciness | Flavor 
2 14 10 4.6 3.9 64 
3 20 13 5.2 44 6.5 
4 i2 9 5.5 4.7 6.4 
5 2 2 6.3 5.0 | 6.9 


‘Number of groups represented from the total of 14 backfat thick 
ness groups in the study (1.0—2.3 inches) 
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statistical analyses of the data revealed that the ten- 
derness of raw pork as measured by shear force im 
creased as backfat thickness of the pork carcass 
increased, whereas judges’ scores for tenderness of 
cooked pork chops were similar for all samples, re- 
gardless of the backfat thickness. An explanation of 
these results may be that the shear force values were 
obtained from raw muscles, whereas tenderness scores 
were based on cooked muscles. According to Rams- 
bottom et al (7), cooked longissimus dorsi muscle of 
beef was less tender than the raw muscle. Another 
explanation of the results may be that no objective 
method has been devised for assessing all the factors 
involved in subjective evaluation of tenderness. 

When regression of marbling scores on tenderness 
or juiciness scores was calculated, it was evident that 
marbling had a highly significant positive effect (1% 
level) on both tenderness and juiciness. The data 
summarized in Table 5 show the extent of the rela- 
tionship between marbling and tenderness or juici- 
ness. Regression coefficients indicated that a signifi- 
cant improvement of 1 point in tenderness or juiciness 
was found for each increment of 2 points on the mar- 
bling seale. This implies that the amount of fat with- 
in the lean is a better indication of the tenderness and 
juiciness of the chop than the backfat thickness of the 
hog carcass. 

Chops % inch thick were used because this thick- 
ness is most often found in the retail self-service meat 
case. When 14-inch chops from carcasses varying in 
fatness were braised, the amount of heating required 
to cook pork, even under carefully controlled condi- 
tions in an electric frypan, resulted in a rather uni- 
formly dry and firm chop. The high total cooking 
losses of 30° or more and volatile losses of 25% were 
reflected in low scores for tenderness, 4.5 to 5.6, and 
juiciness, 4.0 to 4.7 (Table 4). 

Flavor. Most of the flavor scores for braised chops 
were similar and in the range of 5.8 to 6.8 described as 
**full or characteristic pork flavor’’ on the intensity 
scale used by the judges. The highest (7.1) and the 
lowest (5.8) flavor scores were given to chops from 
animals in the 1.2-inch-backfat group. Analysis of 
variance revealed that flavor scores for cooked pork 
chops were not related to the backfat of the pork ear- 


TABLE 6 


Relationships between backfat thickness and various quality 
measurements on pork chops 


1. Marbling.............. Scored 1—5 2.1-3.7 
2. Total cooking losses......... % 0.18 29-32% 
—2.30** 23-28% 
5. Raw lean yield ®..... % —5.98* 55-64% 
6. Raw fat yield®................. 8.94** 17-30% 
7. Cooked lean yield*........... | % —2.93* 54-62% 
8. Cooked fat yield’............. 6.72** 15-24% 
lbs /in. cove 
Proximal......... —3.93** 18—9 Ib 
—4.93** 19-13 ib 


Distal...... 


' Estimates average change in the quality measurement with a unit 
change of one inch in backfat thickness. 

2 Calculated on basis of raw weight 

* Calculated on basis of cooked weight. 
* Significant at 5% level; ** at 1% level. 
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casses (Table 4). In addition, caleulation of the re- 
gression of marbling on flavor confirmed the fact that 
these two characteristics were not related. The aver- 
age flavor scores for chops, summarized in Tables 4 
and 5, indicated the similarity in favor of the chops 
regardless of backfat thickness or of marbling. 
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SUMMARY 


The disulfonie acid dye Buffalo Black was used suecessfully 
to determine the protein content of milk with a degree of 
accuracy comparable to that of the Kjeldahl method. The 
protein values as determined by dye binding were not affected, 
by (a) refrigerated storage, with or without preservative, for 
periods up to one week, (b) pasteurization of the sample by 
either the holding or HTST method. Colostral miiks or milks 
from cows suffering from acute mastitis should be excluded 
from protein determinations by the dye binding method. 


I, RECENT YEARS much progress 
has been made in the development of simple inexpen- 
sive methods suitable for the determination of the 
protein content of milk. One of these, a modification 
of the steam-distillation method of Kofranyi, was dis- 
cussed in a previous paper (16). In this method a 
sample of milk made strongly alkaline with NaOH 
is submitted without previous digestion to steam dis- 
tillation in a Parnas-Wagner nitrogen distillation 
apparatus. A consistent amount of the total protein 
nitrogen, mainly amide nitrogen, is released and con- 
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verted to ammonia which is distilled. Although this 
method can be used in large-scale testing programs 
for protein in cow’s milk (6, 16), certain manipula- 
tions in the proposed techniques (5, 6, 12, 16) are 
laborious and time-consuming and detract from their 
use as a field test. Furthermore, steam distillation of 
milks adulterated with urea or ammonium salts will 
yield too high values for protein. A procedure that 
shows great promise as a field test is based upon the 
ability of anionic dyes to combine with protein groups 
of opposite ionic charge. Udy (14) applied this prin- 
ciple with the dye Orange G to the estimation of pro- 
teins in wheat. In 1957 this method was extended to 
the determination of protein in milk by Ashworth 
and Seals (1) in this country and by Dekker and 
ITuitema (3) in the Netherlands. Later Treece et al 
(13) also showed that the Orange G method could be 
used advantageously to determine the protein con- 
tent of milk. In this procedure a small amount of 
milk is mixed with an excess of the dye Orange G in 
buffer at a pH of approximately 2.2. Following 
equilibration of dye and protein the insoluble protein- 
dye complex is removed by filtration through paper. 
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The concentration of unbound dye in the filtrate then 
is determined in a spectrophotometer. The protein 
content may be read from a standard curve which 
represents the relationship between the light absorp- 
tion values of unbound dye in the filtrates and the 
protein contents as determined by the Kjeldahl 
method. 

Preliminary reports by workers in Norway (10, 11), 
Germany (9), the Netherlands (7, 8) and in this 
country (17) indicated that the dye Buffalo Black 
might have some advantages over Orange G in de- 
terminations of the protein content of milk. Satura- 
tion of the protein with this dye was accomplished 
much faster than with Orange G. Furthermore, the 
Buffalo Black-protein complex was very dense and 
was removed easily by centrifugation. The Orange G 
protein complex, on the other hand, was not dense and 
handling of the tubes often caused incorporation of 
small amounts of precipitate into the supernatant 
fluid (1). Addition of caleium chloride, arginine and 
peptones to milk disturbed the relationship between 
the amount of Buffalo Black bound and the protein 
content of the milk sample (9). The present report 
deseribes a method for the determination of the pro- 
tein content of milk by binding with Buffalo Black. 


EXPERIMENTAL METHODS 


Milk sampling. Samples were obtained from (a) individual 
Holstein and Jersey cows in the herds of the Dairy Science 
Department at Texas A and M College and the Wynne State 
Farm at Huntsville, Texas and (b) mixed herd milk from indi- 
vidual Grade A producers in Brazos County. The samples from 
individual animals represented two complete milkings, those 
from the individual herds two or more complete milkings. Unless 
stated otherwise early and late lactation milks were excluded. 
The samples were iced immediately and stored under refriger 
ation at 40 to 45° F. The protein content of the samples was 
determined within 2 to 3 days with the exception of certain 
samples used in experiments involving special storage conditions. 

The binding method. Buffalo Black was obtained from the 
National Aniline Division of the Allied Chemical and Dye Cor- 
poration. The amount of dye necessary to give the desired 
concentration was placed in a citrate-phosphate buffer (pH 2.2) 
consisting of 980 ml of 0.1 M eitrie acid and 20 ml of 0.2 M 
disodium phosphate (4). In the majority of the experiments 
the Buffalo Black concentration of the dye buffer solution was 
342 mg per liter. A small amount of thymol may be added as 
a preservative. 

Before treatment with dye solution, the milk samples were 
warmed to 70° F and mixed thoroughly. One-half milliliter of 
milk then was pipetted into a 50-ml lusteroid centrifuge tube. 
The tubes were placed in wooden blocks with sized holes to 
facilitate handling of the tubes. Twenty milliliters of the dye 
solution were then added to each sample with a pipette or with 
a Brewer Model 40 pipetting machine. Removal of the in- 
soluble protein-dye complex was obtained by centrifugation for 
10 min in a centrifuge (3000 rpm, 1500 X grav) or by filtration 
through S and S No. 597 filter paper. Centrifugation or filtra- 
tion was started as soon as the tubes in one block were filled 
(approx 4-5 min). Additional standing did not vitiate the 
results, One milliliter of the clear supernatant fluid or filtrate 
then was diluted with 20 ml of distilled water. The optical 
density of the dilute supernatant fluid or filtrate in 0.5-inch 
test tubes then was determined at 575 mu (10) in a Spectronie 
20 colorimeter. 

In certain experiments dye and milk sample were mixed 
thoroughly by shaking in stoppered lusteroid centrifuge tubes 
on a Mojonnier Babeock test Bottle Shaker (Model M-50). 
The total protein content of the original milks was determined 
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by the standard Macro-Kjeldahl method (2). All determina- 
tions were made in duplicate. 


RESULTS 


Effect of variations in experimental conditions on dye bind- 
ing. The amount of dye bound by the proteins was determined 
by subtracting the excess found in the supernatant fluid or 
filtrate from the amount added. The concentration of the dye 
in these solutions was caleulated with a standard curve pre- 
pared from data obtained with appropriate dilutions of the 
dye. Under these conditions Beer’s law was applicable in the 
range of 0 to 11.5 ug of dye per ml. 

Effect of various dye concentrations. Raw milk samples with 
Kjeldahl protein values ranging from 2.93 to 4.52% were 
treated with dye solutions ranging in concentration from 285 
to 456 mg of dye per liter. Saturation of the protein with dye 
under one set of experimental conditions (see methods) is indi- 
cated when no more dye is bound with increased amounts of 
dye added. The data presented in Table 1 are representative 


TABLE 1 


Effect of increasing concentrations of Buffalo Black on the 
amount of dye bound 


Buffalo Black bound (ug) 


Amount of dye added Milk sample! 
(ag) 
1 | 2 | 3 4 

3933 4534 | 5053 5241 
“ 4036 4546 5300 5791 
gg 4024 4560 5398 6002 
7410.... 4001 4597 5386 6002 
7980. 4048 4629 5376 6036 
8550. 4044 euanee 5364 5988 

5939 


1 Protein contents of milk samples 1, 2, 3, 4 as determined by the 
Kjeldahl method were 2.93: 3.47: 4.13: 4.52; by the Buffalo Black dye 
method (342 mg/1) 3.00: 3.42: 4.06: 4.60. 
2 Concentration normally used 


of 3 trials and indicate that saturation of the protein with dye 
in samples with a protein content as high as 4.52% was accom- 
plished with a dye concentration of 342 mg per liter. 

Removal of protein-dye complex. Samples of fresh raw milk 
ranging in protein content from 2.52 to 4.45% were treated 
with Buffalo Black (342 mg/l). These samples then were 
centrifuged (3000 rpm, 1500 X grav) for periods ranging from 
5 to 30 min. The results of these experiments (Table 2) indi- 
eated that a satisfactory separation of the protein-dye complex 
could be obtained by centrifugation for 5 to 10 min. The 
precipitate was very dense and the supernatant fluid could be 
removed easily by decantation or by suction. Centrifugation 
for longer periods did not change the concentration of un- 
bound dye. The data presented in Table 3 indicate that the 
protein dye complex also could be removed by centrifugation 
for 10 min in a Babcock centrifuge (Jaleo Model 49). 


TABLE 2 


Effect of length of centrifugation’ on the concentration of 
unbound Buffalo Black* in the dilute supernatant fluid 


Optical density 


Time (min) Milk sample* 
1 2 | 3 4 | 5 
0.688 0.538 0.438 0.301 | 0.194 
0.678 0.545 0.438 | 0.301 | 0.187 
0.678 0.530 0.444 | 0.284 0.204 
0.668 0.523 0.456 0.292 | 0.181 
0.678 0.530 0.456 | 0.297 | 0.204 


13000 rpm, 1500 X grav. 

20.5 ml milk and 20 ml dye (342 mg per 1). 

* Protein contents of samples 1, 2, 3, 4, and 5 as determined by 
the Official Kjeldahl method were 2.52, 3.10, 3.44, 4.04, and 4.45%, 


resp. 
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TABLE 3 


Effect of centrifugation procedure on the concentration of 
Buffalo Black in the dilute supernatant fluid 


Optical density 


Milk International 

sample j centrifuge Min in Babcock centrifuge 

no.? (1500 & grav, 

j 
10 min) 5 10 | 15 20 30 

1 0.382 0.354 O.374 0.380 0.380 
2 0.465 0.478 0,469 0.469 . 0.469 
3 0.468 0.469 0.469 
4 0.505 0.478 0.509 0.505 0.505 
5 0.527 0.512 0.527 0.527 wnaes 0.527 
1 Protein contents of milk samples 1, 2, 3, 4 and 5 as determined by 


the Official Kjeldah| method were 3.65, 3.32, 23.39, 3.25 and 3.10% 
resp. 


Effect of method of mixing dye and sample on amount of 
dye bound. Equilibration of sample and dye will be complete 
when no additional dye is bound with an inerease in dye-sample 
contact time. Five samples of milk ranging in protein content 
from 2.5 to 4.5% were treated as follows. Each sample was 
split in 28 parts. Fourteen were treated with dye and were 
shaken in a Mojonnier test bottle shaker. After 0, 5, 10, 15, 30, 
45 and 60 min, two samples were removed from the shaker. 
The protein dye complex was removed by centrifugation. The 
other 14 samples were not shaken. The optical density values 
of the dilute supernatant fluids of the samples that were shaken 
ranged from 0.430 to 0.447, those of the samples not shaken 
from 0.434 to 0.444. On the basis of the regression equation 
P = 5.07 — 3.67X these ranges in OD values corresponded to 
0.06 and 0.04% protein, respectively. In subsequent experi- 
ments the dye was added directly into the milk in the tube 
without additional shaking. They were placed in the centrifuge 
as soon as the tubes in one block were filled. 

Effect of refrigerated storage of milk with and without 
preservative on the amount of dye bound. Samples of raw 
milk with and without preservative were stored at 40 to 45° F 
for 0 to 7 days. Commercial bichromate tablets and a solution 
of 64 g of mercuric chloride in 1 liter of 50% ethanol (10) 
were used as preservatives. The latter was added at a rate of 
0.6 ml per 100 ml of milk. 
determine the amount of dye bound. The results of these ex- 
periments indicated that the milk samples could be stored as 
long as 7 days with or without preservative without any 
appreciable change in the amount of dye bound. The OD 
values for the dilute supernatant fluids of one of the samples 
during the 7-day trial ranged from 0.523 to 0.538 (with pre- 
servative) and from 0.523 to 0.530 (without preservative). 
Baséd upon the regression equation (P 5.07 — 3.67X) these 
ranges in protein values are from 3.15 to 3.10 and from 3.15 to 
3.12% protein. The results obtained with other samples were 
very similar. 

Relationship between Kjeldahl protein and concentration of 
unbound dye. Kjeldahl and dye binding determinations were 
made on a number of Holstein, Jersey and mixed-herd milk 


Samples were removed daily to 


samples. The relationship between concentration of unbound 
dye expressed by the OD of the dilute supernatant fluids or 
filtrates with the Kjeldahl protein values was determined 
(Table 4). These results indicate that the Buffalo Black dye 
binding method for the determination of the protein content of 
milk is as aecurate as the Kjeldahl method. In subsequent 
experiments the regression equation P = 5.07 — 3.67X was used 
to determine the protein content of milk samples by dye 
binding. 

Dye binding of milk proteins. The data presented in Table 
5 show that the various fractions bound different 
amounts of Buffalo Black. Alpha-easein bound the greatest 
amount, followed by beta- and gamma-easein. Each value was 
the average of 3 determinations. The amount of dye bound 
by fresh milk protein was caleulated from the data presented 
in Table 4. 

Protein determinations on atypical milks. 
minations by the Kjeldahl and dye 


casein 


Protein deter- 
binding procedure were 
early-lactation milks (0-10 
late-lactation milks, milk from cows over 200 days 
in lactation and to be turned dry in 1 to 2 weeks, and (c) 
mastitic milks. The protein content of milks collected during 
the first few days usually was too high (over 4.5%) to be esti- 


made on the following milks: (a) 
days) (b 


mated with the present procedure. The differences between 
individual Kjeldahl and dye binding protein values on (a) 
samples collected 5 days after calving and (b) late lactation 
milks were not greater than 0.1% with ranges of 0.03—0.1 and 
0-0.09%, resp. The mean percentage difference between the 
two methods for mildly mastitie milks was 0.06% (range 0.02- 
0.12). However, in acute cases, the protein content of the 
sample frequently was outside the present 
procedure. 

Effect of heat on dye binding. Ten samples of mixed-herd 
milk were subjected to the following heat treatments (a) 
145° F for 0, 1, 5, 10, 30, 45 and 60 min, (b) 161° F for 0, 5, 
10, 15 see, and 1, 5, and 15 min, and (c) 190° F for 1 and 5 
min. Following heating the samples were kept in ice water. 
Protein determinations were made immediately following heat- 
ing and after standing in ice water for 2 hr. In Table 6 are 
presented the protein values of mixed-herd milks before and 
after heating at 190° F as determined by the dye binding 
method. No significant differences were observed between the 
protein values before and after heating of the samples. The 


range of the 


TABLE 5 


Amount of dye bound by various milk proteins 


ug dye bound per 
mg protein 


Buffalo Black 


a-Casein....... 279 
B-Casein.......... 212 
7y-Casein........ 202 
Casein (Hammersten )........ 245 
288 
Fresh milk protein...............- 266 


TABLE 4 


Relationship between Kjeldahl protein and optical density values of supernatant fluids or filtrates for samples of raw whole milk 


Mean 
Kjeldahl 
protein (%) 


Sample No 


Centrifuged 


Holstein. 10 3.06 
Mixed Her @......... 3.37 
Total... 190 3.48 
Filtered 
Holstein. 10 3.07 
Jersey.... 60 8.71 
Mixed Herd 59 3.37 


P = percent protein. 
X = optical density. 


Mean 
optical 
density 


Stand dev 
from Correlation 
regression 


tegression 
equation 


P 4.92 11 .934 
I 5.18-3.99X 12 949 
P 11 925 
67X 12 963 
I 4.79 960 
P ».04—-4.63X 942 
P 4.92-4.37X 12 918 


P 4.94-4.27X i2 958 


a 
| 
ug 
| 
| | 
| | 
| 
| 
a 
| 
2 
= 
556 ij 
359 
466 i 
134 a 
447 a 
286 
369 
352 a 
| 
= 
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TABLE 6 


Effect of heating of milk on the protein values as determined 
by the Buffalo Black dye binding method 


Percent protein 


Sample No Heat treatment 


190° F-1 min 19° F—5 min 


same Was true at the other temperatures. No changes were 
found in the protein values of the heated milk following stand 
ing at O° C for 2 br. 


DISCUSSION 


The results of this study indicate that Buffalo Black 
may have certain advantages over Orange G in a dye 
binding procedure. Saturation of the protein was 
accomplished much faster and the protein-dye com- 
plex could be removed in an ordinary Babeoek centri- 
fuge. With Orange G, shaking of sample and dye for 
5 to 10 min is necessary to obtain proper equilibra- 
tion (1). Removal of the protein-dye complex by 
centrifugation in a Babeock centrifuge and the ability 
to store milk samples with preservatives would enable 
the dairy control laboratory to use existing facilities 
for the determination of the protein content of milk. 

The concentration of unbound dye was _ related 
closely to the Kjeldahl protein values. An analysis of 
the data indicates that the present Buffalo Black 
procedure can be used to determine the protein con- 
tent of milk samples in the range of 2.5 to 4.5%. On 
the average 0.86 meq of dye were bound per g of milk 
protein. Udy (15) reported that 0.792 meq of Orange 
G were bound per gram of ‘‘whole milk protein.”’ 
Some figures (4, 18) given for the number of basic 
residues in casein range from 7.6 to 9.4 or in terms of 
meq of dye from 0.76 to 0.94 per g of protein. It 
should be pointed out, however, that the figure re- 
ported in the present study applied to total milk 
protein and not to casein only. The results also indi- 


cate that the dye binding method also can be used to 
determine the protein content of pasteurized milks. 
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Effect of Acid Level, Calcium Salts, Monosodium 
Glutamate, and Sugar on Canned Pimientos” 


(Manuscript received July 27, 1960) 


SUMMARY 


The acidification of pimientos with citrie acid or the addi- 
tion of various caleium salts each significantly increased drained 
weight and firmness of the canned product. When eitrie acid 
and caleium salts were used in concert, the effect upon drained 
weight and firmness was synergistic rather than being merely 
additive. The major pectie fractions were not correlated with 
either drained weight or firmness differences. Although the 
study involved 5 packing seasons and extended over an 1l-year 
period, the frequency distributions for the pH of the raw 
pimientos and the canned product were the same as previously 
reported. When 0.05% monosodium glutamate was added to 
acid-treated pimientos, organoleptic acceptability was increased 
slightly. At other levels and with other treatments, MSG 
merely modified the pimiento flavor rather than enhanced it. 
$y the Dykstra procedure for evaluating preference ratings, 
the addition of sugar to acidified pimientos to restore the origi- 
nal sugar-acid balance improved palatability. 


Ixcreasep SPOILAGE of tomato 
products during recent years and possible changes in 


the pH range of tomatoes have brought to the fore 
again questions concerning acidification of semi-acid 
foods (1, 2, 24). During 1959, the Canners League of 
California petitioned (12) that the Standard of Defi- 
nition and Identity for canned tomatoes be amended 
to permit acidification, which petition was subse- 
quently denied (14). The justification advanced for 
the request was that tomatoes are sometimes deficient 
in acid and thus have to be cooked so long to avoid 
spoilage that excessive softening results. This prob- 
lem is similar to that which prompted this Depart- 
ment to study the pH of pimientos in 1948 and to 
undertake acidification and caleium-firming studies 
(30, 32). 

The data reported herein concern experiments con- 
ducted (a) to extend the previous study on acidifica- 
tion and ecalecium-firming to other ealecium salts to 
learn their effect on firmness, drained weight, and 
flavor, (b) to study some of the pectic changes, and 
(ec) to learn whether concurrent addition of mono- 
sodium glutamate (MSG) or of sugar minimized 
flavor changes brought about by the acid or caleium 
salts used. 

Review of the literature. Some of the problems as- 
sociated with the canning of pimientos and means of 
minimizing spoilage or softening have been reported 
in three previous papers (17, 30, 32). Use of caleium 
salts to prevent softening of canned produets—nota- 


* Contribution from the College Experiment Station, College 
of Agriculture, University of Georgia, Athens, Ga. Approved 
as Journal Paper No. 133. 

» Portions of the data are taken from the Master of Science 
thesis of Miss Cordelia Ann Ellis (10). 
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bly tomatoes—was originated by Kertesz more than 
20 years ago (19, 20). Recently the Standard of 
Identity for canned vegetables was amended to per- 
mit the addition of certain calcium salts as firming 
agents for canned green and red peppers (13). 
Hoover (18) evaluated some calcium salts and pro- 
cedures for the firming of canned peppers. Siddappa 
and Bhatia (33) discarded the idea of using CaCle as 
a firming agent for chili peppers although they reeom- 
mended acidification. 

One of the problems connected with the use of eal- 
cium salts is that some of them, such as CaCly above 
certain levels, impart a slight bitterness or saltiness 
to the product. Cairneross (5) stated that MSG sup- 
presses bitter tastes in some freshly-opened canned 
vegetables and that glutamate suppresses sourness. 
Other investigators have pointed out some of the ad- 
vantages and limitations of MSG as a food additive 
(15, 16, 25). Fabian and Blum (11) reported on the 
competitive and compensatory action of the primary 
taste sensations. Sjéstr6m and Cairneross (34) ob- 
served that within certain limits sucrose decreases te 
sensation of sourness produced by acetic acid. An 
extensive series of papers involving sugar—acid rela- 
tionships and consumer acceptability of canned fruit 
has emanated from the University of California, and 
publications in the series through 1959 are listed in a 
bibliography published by the Sugar Research Foun- 
dation (37). 


EXPERIMENTAL 


Pimiento packs. Fifteen experimental packs were put up 
during the course of 5 seasons and involved approximately 900 
No. 2% cans and 1,200 4-oz cans. Pimientos canned in 4-0z 
cans were processed 35 min at 212° F regardless of the par- 
ticular treatment applied to the product. Each of the main 
treatments (control, acidified, calcium-firmed, and ecombina- 
tion of acid and ecaleium salt) was subdivided when No. 2% 
cans were used and were processed 75 and 90 min, respectively, 
at 212° F. One pack was put up in half-pint jars and processed 
45 min at 212° F, 

Acid and calcium treatments. Citric acid was added to 
pimientos in 4-oz cans at levels ranging from 45.5 to 230 mg 
(anhydrous basis). The acid levels ranged from 285.5 mg to 
1.1 g per can when No. 2% cans were used. 

Based upon the fill-in weight of pimientos, the levels at 
whieh CaCl, was added were 0.005, 0.008, 0.01, 0.018, 0.02, and 
0.026% Ca; ealeium diglutamate, 0.026% Ca; calcium citrate, 
0,008, 0.017, and 0.026% Ca; CaHPO,, 0.013 and 0.026% Ca; 
and calcium lactate, 0.02% Ca. The caleium diglutamate was 
prepared by reacting glutamic acid with calcium carbonate 
(27). 

MSG and sugar. MSG was incorporated upon a factorial 
basis in 5 extensive experimental packs. The levels of addition 
ranged from 0.01 to 0.3% and the same levels were added to 
each of the 4 main treatments (control, acidified, ealeium- 
firmed, and combination of acid and calcium salt). 
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Sugar was used in only three 1959 trials. The first pack was 
in 4-oz cans. The first figure in the combinations which follow 
represents milligrams of citric acid (anhydrous) added to the 
4-0z cans and the second figure represents grams of sugar. The 
combinations were: 0-0, 45.5-0, 90.9-0, 136.5-0, 0-1.05, 45.5 
1.05, 90.9-2.05, and 136.5-3.15. The second pack was in No. 
2% eans and the same system of notation is used: 0-0, 296-0, 
591-0, 739-0, 0-5.5, 296-5.5, 591-11.0, and 739--13.8. The third 
trial was put up in 4-0z cans. The pimientos were acidified by 
conveying them through the regular citrie acid spray employed 
in a commercial cannery. The acidified pimientos were then 
divided into 3 batches, one of which was packed without added 
sugar and the other two were packed with 1 and 2 g, respec- 
tively, of sugar per 4-0z can. Non-acidified pimientos were 
packed without added sugar and with 1 g sugar per 4-oz can. 

Pectic studies. To study the effects of acidification and 
ealeium-firming on the pectic components of pimientos, pimien 
tos were packed in half-pint home-canning jars with 280 mg 
eitrie acid and 0.026% Ca added as CaCh. 

Analytical methods. The pH and total acidity (calculated 
as pereent citric acid, anhydrous) were determined aceording 
to the Official Methods of Analysis of the A.O.A.C. (28). The 
contents of the ean were drained for 2 min on a sereen of 
appropriate size to ascertain drained weight. Depending upon 
the number of sub-treatments within each main treatment, from 
6 to 30 cans were used to determine drained weight. 

An air-driven penetrometer was used to measure the firm 
ness of all pimientos except those of the 1959 packs. The 
penetrometer consisted of a piston-type tire gauge with a dise 
% inch in diameter soldered to a shaft. The pimiento was held 
between the leaves of a hinge, through which a hole ™% inch 
was drilled to accommodate the dise. The pressure required to 
puncture the pod held between the leaves of the hinge was 
registered on a pressure gauge. The penetrometer used is 
shown in Figure 1. The sugar-treated packs of 1959 were 
analyzed for firmness with an L. E. E.-Kramer recording shear- 
press (Model SP-12 Imp.). 


Figure 1. Penetrometer used to measure firmness of pi- 
mientos. 


Reducing and total sugars were determined by the Lane- 
Eynon method of the A.O.A.C, (28). The peetie fractions of 
the pimientos were measured as anhydrogalaecturonie acid ae- 
cording to the method of Dietz and Rouse (6). The pectic 
substances were extracted with water, 0.4% sodium hexameta- 
phosphate, and 0.05 N NaOH. 

Sensory evaluation. Pimientos treated with MSG were scored 
as to color, flavor, and texture by a panel of 17 judges pre 
viously selected for reliability. Quadrangular tests (one sam 
ple of which was a duplicate) were used for canned pimientos. 
Triangular tests were used for pimientos when they were in- 
corporated in pimiento cheese. A balanced incomplete block 
design was used to evaluate the various treatments involved. 

A different panel was used for the sugar-acid pimientos of 
1959. The panel consisted of 8 judges who were reliable and 
sensitive to minor differences in flavor. Additional judges were 
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used to secure responses from individuals whose acuity for 
sugar-acidity differences was less and thus they were more 
representative of average consumers. 

Statistical analyses. The total acidity, pH (as specific 
acidity), drained weight, firmness, and sensory scores were 
generally evaluated statistically by analysis of variance. As 
will be seen in the results, regression analysis or ‘‘t’’ tests 
were used when such tests would be more appropriate or sensi- 
tive. For the 1959 packs, ‘‘t’’ or F tests were used for the 
objective analyses: chi-square tests and Dykstra’s procedure 
(7, 8, 9) were used for the organoleptic phases. 


RESULTS AND DISCUSSION 


Citric acid required. The average pH of the 14 
control (non-acidified) pimiento treatments ranged 
from 4.70 to 5.00. Within some lots, the pH of indi- 
vidual cans ranged up to pH 5.1. The amount of acid 
required to lower the pH to different levels is shown 
in Figure 2. The dotted line shows the limit for indi- 


MAXIMUM pH OF 
INDIVIDUAL CANS 


AVERAGE pH 
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0 10 20 30 40 50 60 
Mg. CITRIC ACID, ANHYDROUS, ADDED PER 
FILL-IN OUNCE OF PIMIENTO 

Figure 2. Mg citric acid required to lower pH of pimientos. 
Broken line shows maximum pH to be expected for any in- 
dividual can when different amounts of citric acid are added. 
Solid line shows average pH for different levels of addition. 
The average values represent the pH of from 10 to 30 cans 
of pimientos. 


vidual cans and the solid line shows the average pH. 
In general, 15 to 20 mg citric acid, anhydrous, per 
ounce of fill-in pimiento was required to lower the pH 
to 4.7 and from 25 to 30 mg was required to lower the 
pH to 4.5 Early in the season (July) as much as 45 
mg of citric acid per ounce of pimiento was sometimes 
necessary to lower the pH to 4.5 and late in the season 
(October) as little as 20 mg sufficed. Lee and Sayre 
(22) reported that the acidity of tomatoes decreased 
during the season and was inversely related to avail- 
able soil moisture. 

Effects of acid. Powers et al (30) observed that 
acidification did not increase the firmness of pimien- 
tos significantly but that the drained weight was 
significantly increased. In this study, both drained 
weight and firmness were significantly increased by 
acidification. The results within an individual pack 
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How 
Puts More Profit 
_Into Food Products! 


SAVES 


If your food product requires enrichment, color, flavor... then STERWIN 
can help you save time, money, labor . . . so give you more profit. 

For STERWIN offers unique extras in vitamins, colors, vanillin and 
these superior ingredients are fitted into your production picture by 
experts with years of practical and technical experience. These STERWIN 
Technically Trained Representatives have cut time, expense, production 
steps for manufacturers producing a widely varied range of food 
products: candy, bread, margarine, soda, fruit juice, cereals . . . to 
name just a few. 

STERWIN ingredients are delivered when you want them, in the quan- 
tity you need. Keeping delivery promises is a STERWIN tradition that 
helps keep your production at top efficiency. 

For new production set-ups or to improve an existing one . . . see 
your local STERWIN Representative . .. costs you nothing .. . can 
profit you plenty. 


Stu CA 


Subsidiory of Sterling Drug Inc 


1450 Broadway, New York 18, N. Y. 


lLAckowonno 4-6400 


You get these extras * 
when you buy: 


STERWIN VITAMINS - - - the most 
complete line in the field . . . immedi- 


ate delivery in any quantity. 


STERWIN COLORS - Parakeet 
ertified F.D.&C. . backed by a 


highly experienced technical staff to 
help you with your color problems. 
. pure, 


STERN 
IMCO®™ U.S.P. Vanillin . . . unlimited 


supply of basic material from world’s 
largest vanillin producer 
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It is an excellent lubricant. And it is edible. 


Here is one of a unique class of products, Myvacet® 
Distilled Acetylated Monoglycerides. This edible lu- 
bricant has never been used in food equipment. Now 
it can be.* 

Its wholesomeness recommends it as a divider oil, 
pan grease, or slab oil. 

It is a good gear and bearing lubricant, even under 
high pressures. On cutting knives it works well, lasts 
and lasts. 


. 
.S. Food & Drug Regulations, Sec. 121.1018 


It outperforms previously known edible oils in re- 
sistance to oxidation. And it’s free from taste and odor. 

For samples and more information on the various 
types and viscosities of Myvacet Distilled Acetylated 
Monoglycerides available, write Distillation Products 
Industries, Rochester 3, N. Y. Sales offices: New York 
and Chicago ¢ W. M. Gillies, Inc., West Coast 
Charles Albert Smith Limited, Montreal and Toronto. 


producers of Myvacet® 
Distilled Acetylated Monoglycerides 


Also .. . Myverol® Distilled Monoglycerides . . . 
vitamin A for foods and pharmaceuticals 


Distillation Products Industries is o division of Eastman Kodak Company 
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may be seen in Tables 1 or 2. From Table 2, it is evi- 
dent, of course, that significance was not always 
present for both firmness and drained weight within a 
given pack. At least 2 factors account for this. First, 
in packing a product such as whole pimientos, because 
of the discrete nature of each pod and the relatively 
few pods per can, a fair amount of variation results. 
The respective coefficients of variation for firmness 
and drained weight ranged up to 22% and 3.0%. To 
overcome such variation, a greater number of control 
and acid-treated pimientos would have to be analyzed 
than were sometimes available within any one pack. 
Secondly, there was an interaction between the de- 
gree of acidification and the processing time. In 
Figure 3, the general upward trend of both drained 
weight and firmness with increasing acid concentra- 
tion may be seen, but it is also evident that the 
processing time is even more important in determin- 


TABLE 1 


Effect of addition of citric acid and calcium salts to pimientos on 
pH, total acidity, drained weight and firmness 
of canned pimientos 


Average 


Citric acid No 
added Drained Pene 
cans Acidity? 4 
mg/4 oz can pH fi weight trometer 
value, psi 
No calcium salt added 

0 1] 0.11 90.0 
110 10 tf 0.28 94.6 8.53 
140 11 $54 0.29 93.9 8.98 
170 10 1.43 0.29 90.4 9,22 
200 10 4.49 ~ 93.5 8.80 
0 10 1 a 95.2 9.52 

0.026% Ca added as CaCl, 
110 10 1.45 0.26 95.0 13.03 
140 10 4.47 0.50 93.6 12.84 
170 10 1.44 0.30 94.9 13.88 
200 10 4.35 0.33 92.5 13.89 

0.026% Ca added as calcium citrate 

110 10 1.62 0.28 93.4 10.72 
140 10 1.58 0.28 90.8 11.86 
170 10 4.52 0.32 95.0 13.47 
200 10 4.44 0.81 95.0 12.48 

0.026% Ca added as CaHPO, 
110 10 $.59 0.28 92.8 10,82 
140 10 1.30 96.7 12.28 
170 10 4.52 1 96.6 12.64 
200 10 1.4 ( 95.4 1 0 

0.017% Ca added as CaCl, 
110 10 1.46 0.35 3.4 12.28 
140 10 6.52 0.29 94.2 11.61 
170 10 4.44 0.30 2.7 13.77 
200 10 5.2 12.59 


0.013% Ca added as calcium citrate 


110 1¢ 1.6 27 94.4 11.78 
140 10 4.60 “29 94.7 12.80 
170 1 154 6.29 95.2 11.3 
200 10 t4 0.33 95.8 12.67 
0.013% added as CaHPO, 
110 10 29 96.7 
140 11 4.58 28 13.3 11.61 
170 10 $51 16.0 11.15 
20 10 4.47 1 96.2 12.08 
0.008% Ca added as CaCl, 
110 10 4.57 28 96.7 11.80 
140 10 $.52 0.29 95.2 12.40 
170 10 1.46 2 95.4 11.90 
200 10 4.36 2 96.4 11.99 
Averaged as hydrogen-ion concentration 


2 Titratable acidity, as citric acid 


10, 
35 MIN 
100 
7 — 
35 MIN 
90 
a 
le 
5 TS MIN 
> 
- 
680 = 
c * 90 MIN 
a > w 
75 MIN 
2 me 
a 
a o 
60 


MG. CITRIC ACID, ANHYDROUS, ADDED 
PER FILL-IN OUNCE OF PIMIENTO 
Figure 3. Effect of level of added citric acid and processing 
time on firmness and drained weight of canned pimientos. The 
broken lines show changes in firmness, and the solid lines show 
percent drained weight. 
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x 10° 
Figure 4. Regression of firmness and drained weight on hy- 
drogen-ion concentration for 62 samples (4-0z cans). The solid 
line shows firmness versus hydrogen-ion concentration, and the 
broken line shows the corresponding regression for drained 
weight. 


ing the drained weight and firmness. In Figure 4, the 
regression of drained weight and of firmness on H-ion 
concentration is shown. The correlation coefficients 
were highly significant in both cases. The effect of 
processing time on firmness is shown in Figure 5. The 
difference in the slopes of the regression lines was 
statistically significant. Significance as to drained 
weight and firmness was based upon 9 packs involving 
116 cans of control pimientos and 196 cans of acidified 
pimientos. 

Calcium salts. In general, the addition of caleium 
salts to pimientos caused an increase in drained 
weight and firmness. All the packs included a com- 
bination (or combinations) of calcium salt and acid. 
Calcium salts were used without added acid in six of 
the packs. The results on four of these packs are 
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TABLE 2 


Effect of addition of calcium chloride and calcium lactate on pH, total acidity, drained weight, and firmness of canned pimientos in 


No. 2% cans 


Treatment | 


Processing time 90 


0.02% Ca added (as 
875 mg acid plus 0.02% Ca added....... 
LSD @ 1% level 

(between treatments) 


0.02% Ca added (as calcium lactate).... 
875 mg acid plus 0.02% Ca....... 

LSD @ 1%..... | 
(between treatments) 


* Significant at 5% level when compared with control. 
** Significant at 1% level. 

' Averaged as hydrogen-ion concentration 

* Titratable acidity, as citric acid 


. 3.9012 + 0.3966 x — 


—* 


VALUE, psi 


. 


4) — 3.524 + 0.1643x 


PENE TROME TER 


H* x 10° 
Figure 5. Regression of firmness on hydrogen-ion concen- 
tration. The solid regression line shows the relationship for 
pimientos in No. 2's cans processed 75 minutes at 212° F. 
The broken line shows the regression for 90 minutes’ heating. 
The difference between the slopes of the regression lines was 
significant (t = 2.627, df = 20). 


shown in Tables 2-4. From Table 2, it may be seen 
that the calcium chloride, at a level of 0.02% Ca, 
caused a highly-significant increase in firmness but 
not in drained weight at the two processing times 
used. Though there was an increase when calcium 
lactate was added at the same Ca level, the increase 
was not statistically significant. In general, CaCl. 
produced more of an effect than calcium lactate. Al- 
though calcium salts by themselves did affect drained 
weight and firmness, the real purpose in having eal- 
cium treatments was to permit segregation of the 
effects of calcium and acid in the combination eal- 
cium—acid treatments. 

Combination calcium—acid treatment. The combina- 
tion treatment of calcium salt and citrie acid almost 
invariably was higher in drained weight and firmness 
than the corresponding control treatment. The com- 
parisons may be seen in Tables 1-4. Levels of signifi- 


Averages 


Drained weight 


| Acidity? Penetrometer value, 


| /0 | psi 
75 | 90 75 90 75 90 75 
Calcium chloride treatments 
5 | 0.11 0.14 78.7 78.7 10.2 12.5 
qe 0.22** 0.20 18.2 77.8 12.6 11.6 
5* 0.13 0.12 79.2 79.6 15.5* 17.4** 
2** 0.22** 0.21** 82.6** 83.9** 19.9** 18.9** 
0.054 1.96 | 2.64 
0.072 2.67 3.62 
Calcium lactate treatments 
4.80 | 0.16 0.18 77.3 77.5 8.0 11.6 
4.34** | 0.31* 0.28 76.2 80.9 68 12.4 
4.64 | 0.18 0.18 78.4 78.3 9.2 12.6 
.81** | 0.30* 0.30 80.7 83.3** 14.0** 16.7* 
0.13 3.51 2 
| O17 4.74 1.92 


cance are listed in Tables 2 and 3 (significant differ- 
ences are indicated with an asterisk only between 
the control and the main treatments; some of the 
other treatments involving MSG as well as calcium 
and citrie acid were likewise significantly different). 

Examination of the differences in pH between acid- 
treated pimientos and those treated with both acid 
and CaCl, (especially the upper levels of CaCl.) 
showed that the combination treatment was signifi- 
cantly lower in pH than the corresponding acid 
treatment. This was not so for the calcium lactate, 
CaHPO,, or the calcium citrate. 

Synergistic-like action. When a calcium salt was 
used in the first few packs, it was added only in com- 
bination with acid, or else, if a calcium salt alone 
was used, the pimientos so treated were processed the 
same length of time as other non-acidified treatments. 
Examination of the data suggested that the action of 
calcium and acid in combination was out of proportion 
to that to be expected from the action of each sepa- 
rately, but this observation could not be verified 
because of confounding of processing times and pH 
level with the action of calcium salts and acid alone 
and in combination. Four packs were therefore de- 
signed specifically to avoid such confounding by 
processing all 4-oz cans for 35 min and by splitting 
of the various main treatments so that some No. 214 
cans from each treatment were processed 75 and 90 
min even though the time might not be appropriate 
for the particular pH level. The difference in firm- 
ness between the control and the combination calcium- 
acid treatments was then compared with the sum 
produced by adding the difference between the plain 
calcium treatment and the control to the difference 
between the plain acid treatment and the control. 
From the various packs, 21 group comparisons were 
possible. 

The combination calcium—acid treatments showed a 
significantly greater increase in drained weight and 
firmness than that which was produced by adding to- 
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TABLE 3 


Effect of addition of citric acid, MSG, and calcium salts on pH 
total acidity, and drained weight of pimientos in 4-ounce cans 


Treated with calcium lactate 
Average 
Monosodium 


Treatments glutamate | Pene 
level, % | Acidity? Drained | tometer 
pH! of, | weight 
of value, 
psi 
Control 06.000 4.70 0.164 | 81.4 14.9 
0.010 4.65 0.142 | 84.0 14.7 
0.050 4.55 0.152 82.9 13.3 
0.075 4.55 0.139 82.7 12.4 
0.100 4.55 0.143 | 82.9 14.0 
125 mg citric acid 0.000 4.32 0.237 84.4 16.0 
per 4-02 can 0.010 1.38 0.207 84.9 18.5 
0.050 4.39 0.212 | 82.3 15.8 
0.075 4.40 0.212 | 85.5 15.6 
0.100 4.45 | 0.199 | 86.8 17.0 
0.02% Ca per 0.000 4.65 0.148 82.5 15.8 
4-02 can 0.050 4.65 0.158 81.7 17.4 
0.100 4.70 0.139 84.1 17.9 
125 mg citric acid 0.000 4.35 0.202 84.3 20.6 
4+ 0.02% Ca per 0.010 4.40 0.179 85.8 18.5 
4-02 can 0.050 4.37 0.194 85.7 19.9 
0.075 4.18 0.194 86.7 0.1 
0.100 1.08 0.200 87.0 | 333 
LSD @ 1% level a ie 0.0366 3.34 | 3.03 
Treated with CaCl, 
Control 0.000 4.75 0.212 83.8 17.4 
0.010 1.78 0.186 82.6 17.9 
0.050 41.78 0.189 83.5 } 19.5 
0.075 41.78 0.175 85.9 
125 mg citric acid 0.000 4.50 0.236 88.6 } 18.1 
per 4-02 can 0.010 4.47 0.243 88.1 | 21.5 
0.050 41.47 0.256 86.6 17.6 
0,075 4.43 0.209 86.6 19.5 
0.02% Ca per 0.000 4.67 0.178 85.9 22.2 
4-02 can 0.050 4.60 0.166 85.1 19.9 
125 mg citric acid 0.000 4.42 0.189 89.1 21.9 
0.02% Ca per 0.010 4.45 0.186 89.9 22.2 
4-07 can 0.050 4.38 0.196 89.1 25.3 
0.075 4.37 0.201 88.5 24.4 
LSD @ 5% level rom 0.0359 3.159 2.88 
LSD @ 1% level 0.0504 4.429 4.05 


1 Averaged as hydrogen-ion concentration. 
2 Titratable acidity, as citrie acid 


gether the increases produced by calcium salt and acid 
separately. It was thus demonstrated that the calcium 
salt and acid together yield a synergistic increase in 
drained weight rather than an additive increase. The 
difference between the additive and combination in- 
creases was significant for drained weight and highly 
significant for firmness. 


Pectic substances. Because the action of acid and 
ealecium on drained weight and firmness presumably 
involves pectic changes (26), the water-soluble, Cal- 
gon-soluble, and NaOH-soluble fractions of 3 repli- 
cate batches were determined. Each treatment within 
a replicate involved analysis of 10 jars. The averages 
shown in Table 5 are thus the average of 30 jars, with 

TABLE 5 
Pectic content of pimientos 


Pectic substances as percentage 


| Jrained anhydrogalacturonic acid 
Treatment pH} weight 
| Calg NaOH-| , 
> sol sol | 
Fresh Pimientos 
Pimiento, green : 0.1246 | 0.0712 | 0.1104 | 0.3062 
Pimiento, red sind 0.1517 | 0.0864 | 0.0859 | 0.3240 
Canned Pimientos 
Control 4.80 83.7 | 0.1011 | 0.0649 | 0.0922 | 0.2582 
280 mg citric | 
acid/ % pt. 4.50 84.0 0.1249 | 0.0702 | 0.1817 | 0.3768 
0.02% Ca | 
(as CaCl,) 4.88 79.4 0.2029 | 0.0542 | 0.1090 | 0.3186 
Acid + CaCl, 4.50 84.8 0.2507 | 0.0627 0.4224 


1 Averaged as hydrogen-ion concentration 


the analysis for any one jar run at least in duplicate 
and generally in triplicate. During the maturing of 
green pimientos into red pimientos, there was a de- 
crease in the NaOH-soluble fraction and an increase 
in the water-soluble fraction. This observation agrees 
in general with that of others (4, 25, 29). Although 
canning brought about some changes in the 3 pectic 
fractions of non-acidified pimientos, the changes prob- 
ably are as much a reflection of moisture-content 
changes and dissolving of some fractions as they are 
interconversion of pectic substances. Acidification 
did, however, bring about some real changes. The 
NaOH-fraction increased. Any significant change in 
the other 2 fractions could not be attributed solely to 
conversion of protopectin into pectin or pectinie acid. 
Others have made similar observations and com- 
mented on the great degre of variability in pectic 
fractions (4, 21). It is rather surprising that the 
water-soluble fraction increased as a result of the 
calcium treatment. The difference as to the combina- 
tion calecium—acid treatment may be, as pointed out 
above, a result of lowering of the pH by CaCle. The 
pectic studies were not particularly enlightening in 
explaining the action of acid and calcium salts in in- 
creasing drained weight and firmness; however, other 


TABLE 4 


Effect of level of citric acid and calcium chloride on pH, total acidity, drained weizht and firmness of pimientos in No. 2%4 cans 


Mg citric acid added r No. 2% can 


Ca added Process 0 
(as CaCl,) 
time, min Penste 
Dw 
pH value pH! 
psi 
0.0 75 4.51 73.6 4.351 4.60 
0.005 75 1.27 75.5 5.46 1.56 
0.0 90 1.94 72.4 3.46 4.67 
0.005 90 1.89 73.8 3.94 4.61 
0.010 90 4.85 74.0 4.69 4.57 
0.026 90 4.75 74.4 5.52 4.50 


1 Averaged as hydrogen-ion concentration 


770 9RO 

Penetr Penetr Penetr. 
value, value pH? | value, 

ps! psi psi 
5.37 4.52 75.0 5.04 4.47 77.6 | 5.32 
6.57 4.51 77.4 6.42 46 78.8 | 6.21 

4.14 4.64 73.6 4.9 | 3.53 73.8 | 

5.59 4.53 75.7 4.54 4.47 76.1 

5.64 4.48 77.5 6.04 4.46 75.5 

6.62 4.43 78.6 6.72 4.34 79.4 


| 
| i 
| 
| 
| 
| 
\ 
| 
| 
il 
| 
al 
4 
‘| 
7 { 
il 
ak 
at 
| 
a 
560 
7 
| DW | 
77.2 a 
70.4 
| 
| 
78.3 
al 


79 FOOD TECHNOLOGY 


plant substances are recognized as also being probable 
determinants of these attributes (21, 36, 38). The 


total pectic content for pimientos approximates that 
reported for tomatoes by others (4, 21, 26). 


MSG. The analyses of variance for the various 
packs containing pimientos treated with MSG did not 
reveal a significant preference for such pimientos, 
except for the pimientos also treated with citrie acid 
(Table 6). The chi-square values for the panel were 


TABLE 6 


Flavor evaluations 
Scores! 
Percentage MSG added 
chloride 


Calcium 
lactate 


No added acid or calcium 
0.000 


10.75 


0.010.. 
0.050... 
O.075.. 


0.100 


125 me citric acid added per 4-07 can 


0.010.. 
0.050 


11.30 
10.50 
10.69 
10.69 


10.20 
11.06 
12.00 


0.075 9.70 
0.100 serves 
0.02% Ca added per 4-02 can 
0,000... 
0.050... 
0.100 eee 
125 mg citric acid + 0.02% Ca 
added per 4-07 can 
0.010 
0.050 


9.60 


9.50 


11.60 
10, 11.10 
11.00 10.60 
10.10 10.60 


' Maximum possible score 15 

significant for the two main series (caleium lactate 
and CaCl,) indicating that the panel was reliable in 
matching duplicates and in picking out MSG-treated 
samples, but the panel was not able to detect differ- 
ences in acidity or bitterness which might be at- 
tributed to the presence of MSG nor did it prefer 
pimientos containing MSG. The chief effect of MSG 
was to contribute a flavor per se rather than to en- 
hance pimiento flavor or to depress sourness or bitter- 
ness. The observation agrees with that of Lockhart 
and Gainer (25) who reported that glutamate con- 
tributed its own flavor rather than affecting sweetness 
or saltness in the pure solutions they worked with and 
is contrary to that of Galvin (16) who reported that 
glutamate flavor became less evident as the pH de- 
creased. MSG did appear to affect the flavor scores 
of pimientos treated with the citric acid. The flavor 
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score was higher at the 0.05% level of MSG than at 
levels either above or below that point. Above 0.1% 
MSG, all scores irrespective of main treatment de- 
creased markedly. Ellis (10) compared pimientos up 
to levels of 0.3% MSG. 

When pimiento containing 0.01% MSG was made 
into pimiento cheese, the panel consistently could 
detect the cheese containing MSG-treated pimiento. 
There were no significant differences in the flavor 
scores. All the MSG did was to modify the flavor 
rather than affect preference, 

Cairncross stated that 
glutamate taste and our results agree with his obser- 
vation. He also stated that glutamate suppressed 
sourness but not by affecting pH. Here our observa- 
tions differ. Glutamate did not appear to suppress 
sourness, and statistical analysis of the calcium lae- 
tate packs indicated that the MSG did affect the pH. 
There was a significant interaction between the main 
treatments and the MSG level when pH (as specific 
acidity) was evaluated by analysis of variance. 

The pack firmed with calcium diglutamate had the 
same attributes as pimientos treated with some other 
calcium salt and MSG. In a product in which gluta- 
mate flavor or its enhancing effect on other flavor 
appears more advantageous than it did in our pi- 
miento packs, calcium diglutamate might have advan- 
tages as a combination firming and flavor-enhancing 
agent. 

Sugar. The effect of the addition of sugar to pi- 
mientos is shown in Tables 7 and 8. It may be noted 
that at the level of 45.5 mg citrie acid per 4-0z ean 
the buffering effect (31, 32) of pimientos was not over- 
come by the citric acid. As with the other packs, in- 
creasing levels of acid tended to increase drained 
weight. This was also true for the sugar-acid treated 
pimientos, but the drained weight was below that of 
the plain acidified pimientos. Acidification with or 
without added sugar tended to increase firmness as 
evidenced by maximum shear press values and total 
work required. The force required to shear pimientos 
in No. 24% cans was considerably greater for the acid- 
sugar treatments than for the other treatments. 

Based upon preference rating, pimientos treated 
with the 45.5-0 and the 90.9-2.05 combinations were 
rated significantly better than pimientos treated with 
the 45.5-1.05, 136.5-0, or 90.9-0 combinations. It 
should be remembered from above that the pimientos 
treated with 45.5 mg citric acid were searcely different 


(5) sourness accentuated 


TABLE 7 


Effect of addition of sugar and/or citric acid on canned pimientos 


Amt. of acid or sugar added 


Drained Shear press values 


weight 


Total 


sugar 


Reducing 
sugar 


Ratio 


per 4-07 can 
sugar/acid 


Acidity? 
pH idity 


© 


mg citric acid—g sugar 


0.0 


5—0.0 


Averaged as hydrogen-ion concentration 
® Titratable acidity, as citric acid 


of 


Max force 


13.8 
17.6 
18.0 
16.5 
14.4 
21.9 
21.7 


18.3 


Work (area) 


0.40 

O47 
0.50 
0.49 
O37 
0.51 
0.55 


0.46 


9.38 
10.90 4 
4 
4.73 0.33 4. 4.9 15.3 83.6 
4.48 0.41 4. 4.8 11.46 a4 
136.4—0.0 . 4.46 0.42 4. 4.3 9.6 85.2 
0.0-1.05... 4.89 0.28 5 5.7 16.2 80.1 
45.5—-1.05 4.66 0.51 ill 4.9 16.1 
4.50 0.38 4.8 5.4 14.5 83.5 
136,.4—3.15 4.40 0.42 5.1 61 14.6 84.8 


| 
| | 
At 
| 
| 
4 
No, But He Knows What He Likes! Caffé Espresso means little in this Little Leaguer’s young life. But when it comes to soft drinks, he’s 4 
a big league consumer! You can't fool him where flavor's concerned. You can’t fool the man from Felton, either. If you have a flavor a 
problem —whether you're starting from scratch on a new product or rejuvenating an old one —see the man from Felton. Backed by ts 
Felton’s more than thirty-eight years of flavor experience, he can help your product achieve the taste that tantalizes, the taste that a 
makes first-time customers all-the-time customers! Felton Chemical Company, Inc., 599 Johnson Avenue, Brooklyn 37, New York. a 
fon | 


The 
New 
Symbol 
for 


. .. the most necessary element in the diets of both 
man and beast. Today salt is more significant to living 

than ever before. There are more than 80 varieties 
required by industry which has found some 14,000 uses. 


Since 1886, Diamond Crystal Salt Company 
has been and is today, one of the country’s leading 
producers of quality salt. 


We introduce with pride our vigorous new symbol— 
the crystal formed of diamonds you see 

on this page. It represents total quality, backed 

by a progressive organization. 


This symbol—though it is new—represents 
Diamond Crystal’s 75 years of continuous service in 
supplying all industries with a quality product. 


This new “symbol for salt” is your assurance of the 
purest product and finest service available anywhere. 
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A symbol for quality... 


DIAMOND CRYSTAL FLAKE-TYPE SALTS 


e@ Uniformly 99.95% Pure 
@ Uniform in the size and grain you need—EVERY TIME 


That’s Diamond Crystal Flake-type Salts made 
by the exclusive Alberger process. Flake-like crystals 
of extremely high purity and precision screening pro- 
vide a wide range of sizes to meet all requirements. 


Diamond Crystal Flake-type Salts permit ‘‘maxi- 
mum salting’’ for best flavor development without 
the bitterness that is imparted by ordinary salt 
containing appreciable amounts of calcium, mag- 
nesium and metallic impurities. Diamond Crystal’s 
high purity combats the danger of costly spoilage, 


SF Viamond Crystal Salt Company 


helps prevent “off flavoring’’ and protects and 
enhances the quality of your product. A less pure 
salt could form unappetizing scums and discolora- 
tions on vegetables, or stimulate oxidative rancidity 
in foods containing fats and oils. All these factors 
give Diamond Crystal Flake-type Salts a measur- 
able margin of superiority over ordinary granular 
type salts. 

Diamond Crystal’s staff of trained food spe- 
cialists will assist you in selecting the proper 
flake-type salt for your product. Learn exactly how 
these features can benefit you. Call or write the 
nearest Diamond Crystal sales office. 


ST. CLAIR, MICHIGAN 


PLANTS: AKRON. OHIO; JEFFERSON ISLAND. LA.: ST. CLAIR. MICH. 


SALES OFFICES: AKRON * ATLANTA * BOSTON * CHARLOTTE * CHICAGO 


DETROIT * LOUISVILLE © MINNEAPOLIS * NEW ORLEANS * NEW YORK 
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GIVAUDAN’S 


NEVER 
BAKES OUT! 


Baked products faithfully retain their va- | —is also soluble in vegetable oil. Both are 


nilla odor, taste and flavor strength when —_ coumarin-free. 
Givaudan’s C. R. #8 is used as a fixative. 
Its resistance to high as well as low tem- C. R. #8 is only one of Givaudan’s 
peratures has been proved in actual use by —_ proved-in-use products. You can rely on 
the baking, candy and ice-cream industries. Givaudan for custom-made or standard fla- 


C. R. #8 is soluble in alcohol and propylene —_-vors that always meet your requirements. 
glycol. C. R. #12—a variation of C. R. #8 — Samples and literature on request. 


321 West 44th Street, New York 36, 


3 A comp ementary additive to vanilla flavors... 
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TABLE 8 


Effect of citric acid and sugar concentration on organoleptic evaluation of canned pimientos 


Amt. of acid or sugar added 
per 4-oz can Pls , Color? Texture® Total Average No. time No. times Preference 
score rank scort ested eferred rating 
mg citric acid—g sugar 
0.0-0.0, 3.42 7.59 2.26 277 149 0.142 
45.5-0.0 3.45 8.04 09 70 13 0.184 
90.9—0.0 3.54 8.05 10 0.067 
136.4—-0.0 3.41 7.95 2.56 77 O.083 
0.0-—1.05 3.60 2 36 6 O.117 
4$5.5-1.05 3.18 2.02 7.12 2.46 67 26 0.097 
2.18 8.24 2.15 131 76 0.164 
136.4-3.15 2.41 8.70 2.05 77 43 0,146 
415 1.000 
Significance ranges based on preference ratings® 
15.0-0 90,.9-2.05 136.6—3.15 45.5-1.05 136.4—0 90.9—0 
1 Maximum possible score 
2 Maximum possible score 
* Maximum possible score 
‘Maximum possible score 11 
5 Lower rank score higher preference 
® Any two codes not underscored by the same line are significantly different (p<0.05) 
from the control in pH. The last 3 columns of Table there were no preferences among the different lots. 


8 and the significant ranges underlined immediately 
below the main body of the table were calculated ac- 
cording to Dykstra’s procedure (7). The preferences 
between specific pairs of samples are listed in Table 9. 
It may be noted that the control was preferred to the 
pimientos containing either 90.9 or 136.5 mg added 
citrie acid but no added sugar. At the level of 90.0 
mg acid, the pimientos containing added sugar were 
The 


same thing was true at the highest level of acid used, 


preferred to those containing only added acid. 


namely, the pimientos with added sugar were pre- 
ferred to those containing no added sugar. Others 
(23, 24) have reported that when tomatoes are acidi- 
fied, generally 
preferred. 

An interesting observation made during 1959 was 
that some of the non-acidified and aeidified pimientos 
contained a bitter principle which was influenced by 
pH but the presence of which was not determined 
by it. 

The calculations by the Dykstra procedure included 
all the judges whether they were ‘‘ 
only those typical of a consumer-type panel 


those concurrently sweetened are 


expert’’ judges or 
Upon 
the same basis, the usual chi-square test indicated that 


When the preferences of expert judges who had pre- 
viously been checked for reliability and acuity to 
nuances in pimiento flavor were evaluated by the chi- 
square procedure, there was not a significant differ- 
ence at any of the 3 acid but the re- 
sponses at the 3 levels were pooled, the chi-square test 
did indicate that pimientos with added sugar were 
preferred to those without added sugar. The Dykstra 


levels, when 


procedure was a more sensitive tool for evaluating 
differences in response. 

Seasonal pH changes, The earlier investigation was 
undertaken in part because canners claimed that in- 
creased spoilage was a result of pH changes in pi- 
In this study, the pH of raw 
and fell 


within the same range and had about the same fre- 


mientos over the vears. 


control (non-acidified) canned pimientos 
quency and distribution range as that reported in the 
previous study (31, 32 


conducted studies in 1949 


and by others (3, 39) who also 


Within the 1l-year period 
5 packing seasons represented by this study, 
of the pH of 


tomato spoilage 


and 
there appeared to be no 
Those 
have likewise considered possible upward movement 
1, 2, 24 


‘drifting’’ 


pimientos. concerned about 


of the pH range of tomatoes For pimientos, 


TABLE 9 


Comparison of two statistical methods for evaluating preference 


Treatments 


Dykstra procedure 


vs s 

% preference 
.0—0.0 vs 90 .9—0.0 66.4 
0.0—0.0 vs 136.4—0.0 62.1 
—~0.0 vs 1.0~1.05 52.4 
0.0-0.0 ws 45.5-1.05 57.4 
0.0—0.0 vs 136.4—3.15 50.7 
$5.5-—0.0 ves 0,.0—0.0 
45.5—-0.0 ws 45.5-1.05 55.9 
45.5—0.0 vs 90,.9-2.05 53.7 
90_.9—2.05 vs 0.0—0.0 52.6 
90.9-2.05 vs 90.9-—0.0 60.3 
136.4—3.15 vs 136.4—0.0 63.8" 


Total sugar-acid vs. total acid 


'S, is preferred sample 


* Significant 


(p<c0 05) 


All 


nudges xpert judges” 
Chi-square Cr quare 
Number preferring x? Num be efe x? 

Ss ~ 

13 12 0.04 0.286 
14 1.13 2 2.00 
24 18 O.R6 l 2.91 
50 1.11 29 13 6.16" 
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at least, the pH range seems not to have changed with- 
in the past decade. However, it should be pointed out 
that the 1959 control and non-acidified, sweetened 
treatments in No. 244 cans spoiled with a 90-min 
process and the pack had to be repeated. The spoilage 
illustrates, of course, the need for acidification unless 
longer processing times are to be used. 
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The Use of Light Transmittance Techniques to 
Estimate the Chlorophyll Content and Stage 
of Maturation of Elberta Peaches © 


(Manuscript received July 11, 1960) 


SUMMARY 

Samples of maturing Elberta peaches were harvested at 
intervals. Subsamples of intact fruits were subjected to light 
transmittance measurements from 500 my through 900 on an 
optical density seale, followed by chlorophyll analysis. Other 
subsamples were ripened with concomitant measurement of the 
wavelength of peak transmittance of the intact fruits. 

The shape of optieal density curves was closely related to 
the stage of maturation and especially to the ehlerophyll con- 
tent of the fruit. Differences in OD between 700 my and 
740 mu (AOD 700-740 mu) correlated 0.957 with log chloro- 
phyll wg per g fresh weight. Correlations of chlorophyll with 
OD differences between other near-by wavelength pairs were 
also high. Meter readings of a portable intact fruit spectro 
photometer set to measure AOD (695 my-725) also correlated 
highly with log chlorophyll. Eating quality tests of peach 
samples classified with this instrument indicated that its read- 
ings were closely related to the maturation stage of the fruits. 

It was concluded that light transmittance measurements 
appeared promising in indicating the chlorophyll content and 
stage of maturation of Elberta peaches. 


Tue STAGE of maturation at which 
peaches are harvested is one of the most important fac- 
tors influencing their quality. Consequently, many 
studies have attempted to develop indices to indicate 
reliably the stage of maturation. Most of these studies 
have evaluated the firmness of the fruit, its color, or 
the soluble-solids-to-titratable-acid ratio of a puréed 
fruit sample (1, 5, 9). In 1952 Haller (7) reviewed 
the research covering these and several other indices. 
He concluded that a completely reliable index had not 
been established up to that time, but firmness, as 
measured by the pressure test, appeared the most re- 
liable, especially for classifying the stage of matura- 
tion of fruit received at packing sheds. He further 
commented that ‘‘ground color remains the principal 
guide to picking, even though the exact color to be 
used may have to be established by scientific tests.’’ 
Allen (1) concurred in this opinion. Later, Lott (11) 
developed a ‘‘U.S. No. 1 visual aid standard’’ and 
a ‘‘U.S. Faney visual aid standard’’ for Elberta 
peaches with the aid of reflectance spectrophotometry. 

Kramer and Smith (8) were first to apply trans- 
mittance spectrophotometry to practical problems in 
measuring the stage of fruit maturation. They meas- 
ured percent transmittances of ethyl ether extracts of 
fruit macerates at 665 my» and 450 my» and related 
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these to the harvest date of several varieties of raw 
and canned peaches and apricots. They also de- 
veloped a more rapid fluorometric method for this 
purpose. Rood (15) determined the extractable 
chlorophyll content of several varieties of maturing 
peaches in California. The correlations between 
chlorophyll and a maturation-induced quality rating 
scale ranged from —0.66 to —0.87 among the 6 va- 
rieties studied. Pressure test, color, and other indices 
were also investigated. The pressure test was reported 
to we ‘‘the best single method for all varieties,’’ 
ground color of the skin was second best, and the 
amount of total chlorophyll from the flesh was found 
to be negatively correlated with the quality rating, 
but ‘‘this correlation was not quite as good as that for 
flesh color, which was more simply and rapidly 
estimated.’’ 

Norris (12) was first to apply light transmittance 
techniques to whole intact fruit to indicate changes in 
internal color and to follow maturation of fruits and 
vegetables. These techniques were used to measure 
internal color of tomatoes (4), the maturation of 
prune plums (3, 6) and to estimate the chlorophyll 
content of apples (13) 

The above research indicated that this non-destruc- 
tive technique might be used to evaluate the stage of 
maturation of peaches. The present paper reports 
the measurements of peaches from successive harvests 
with 3 different light transmittance instruments and 
compares these measurements with the chlorophyll 
content of the fruit. Frozen slices of peaches which 
had been classified with one of these instruments were 
rated for eating quality. 


EXPERIMENTAL MATERIALS AND METHODS 


In the course of exploratory work during the 1958 harvest 
season techniques to extract chlorophyll from peaches were 
worked out. The basie light transmittance instrument for 
whole-fruit measurement, called the Rephobiospeet (4), was 
modified to reeord optical density increments rather than rela- 
tive transmittance. A dual monochromator spectrophotometer 
also capable of receiving whole fruit samples was constructed 
(2). This portable instrument measures differences in optical 
density between any 2 wavelengths between 400 mg and 750 mu. 

The experimental methods used during the 1959 harvest sea 
son were; 

(a) Harvesting. A sample of 12 peaches was picked at ran 
dom from each of 2 Elberta trees, 3 times each week, beginning 
about 3% weeks before the commercial harvest stage of ma- 
turity and continuing until the peaches were tree-ripe. The 
trees were about 6 years old and in good condition. The 2 
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samples were combined and the fruits were numbered 1 to 24 
at random. 

(b) Transmittance readings. The wavelengths of peak trans- 
mittance of the intact peaches were determined on the Horti 
spect (3). The Dual Monochromator Speetrophotometer ” was 
used to determine differences in optical density between 695 my 
and 725 ma of peaches in the last 7 of the 10 harvests. These 
data were displayed as ‘‘meter readings’’ on a seale in which 
aun optical density difference of 0.77 equalled 100 divisions. 
Curves of optical density were run from 500 mg through 900 mu 
on the Rephobiospeet on 6 peaches from each harvest. These 
peaches were then set aside for chlorophyll analysis. The re- 
maining 18 peaches were put into a ripening room at 70° F. 
The progress of ripening and internal color development was 
followed by daily readings of wavelength of peak transmit- 
tance on the Hortispeet. When these readings had reached a 
fairly constant level the peaches were assumed to be as ripe as 
their stages of harvest maturation would permit. 

(ec) Chlorophyll analysis. The subsamples of 6 peaches (b) 
on which optical density curves were run, were analyzed for 
chlorophyll. The individual peaches were weighed, pitted and 
the flesh, ineluding the peel, macerated in a Waring Blendor ‘ 
for 3 min. Seventy-five ml of ca. 1% aseorbie acid solution and 
1 g magnesium carbonate were incorporated with the tissue to 
prevent oxidation and destruction of the chlorophyll. The 
macerate was lyophilized and the total chlorophyll determined 
by a modified A.O.A.C, method deseribed by Norris et al (13). 
Spectral absorption curves of the ether-extraeted chlorophyll 
were recorded on a Perkin-Elmer Spectracord © using a 5-em ab- 
sorption cell, Chlorophyll absorption maxima were ealeulated 
by formula (14) on the basis of a l-em cell, and total chloro- 
phyll was tabulated as wg per g fresh weight. 

(d) Eating quality. Fruit was harvested 4 times during 14% 
weeks from another Elberta tree in the same orchard. The in- 
dividual fruits were measured on the DMS instrument and 
classified into 11 groups, each encompassing 10 seale divisions 
of the instrument. These ranged from Class 1, meter reading 
80 to 70 (apparently very immature) to Class 11, meter read- 
ings —20 to —30 (apparently tree-ripe). The fruit was im- 
mediately steam-peeled, trimmed and sliced, mixed with sugar 
at the rate of 1 part sugar to 5 parts fruit, then packaged in 
10-02 packages and frozen in a low temperature storage room 
at ea, 0° F. After storage at 0° F for 3 months the samples 
were evaluated by a taste panel. The peaches from 6 DMS 
groups were presented at each of 3 sittings. The samples were 
scored on a seale consisting of 5 equally spaced gradations 
having deseriptive terms, with very poor at one end of the 
seale and excellent at the other. The descriptive terms were 
assigned numbers in multiples of 25, from 0 (very poor), 25 
(poor), 50 (fair), 75 (good), to 100 (excellent). These grada- 
tions were further subdivided into increments of 1 unit. The 
judges continued to use the 5 deseriptive terms of quality in 
their scoring. 

Terminology. Fruit maturation and ripening terminology is 
that suggested by Lott (10). 


RESULTS AND DISCUSSION 


The recorded curves of optical density from 500 mp 
through 900 mp drawn on 6 intact peaches from each 
harvest were examined periodically through the 
course of this study. The most noticeable maturation- 
induced change was a decrease in absorbance in a 
fairly narrow wavelength band at ca. 675 mp. This 
was accompanied by a less spectacular decrease over a 
wider wavelength area which began at about 550 mp 
and gradually moved to longer wavelengths. The 


* Hereafter referred to as the ‘‘DMS instrument’’; this in- 
strument was not available for the first 3 harvests. 

© Mention of this or other commercially manufactured instru- 
ments does not constitute endorsement or recommendation by 
the U. S. Department of Agriculture. 
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curves in Figure 1 show 4 stages of this change, and 
are actual tracings from the recordings of individual 
peaches harvested at the dates given. Detailed dis- 
cussion of changes in light transmittance characteris- 
tics, and their relationship to maturation and chloro- 
phyll content of peaches, follows : 

Changes in wavelength of peak transmittance. The 
shift in wavelength of peak transmittance, or least 
absorbance, was previously described by Birth and 
Norris (3). The wavelengths of peak transmittance of 
fresh peaches from the very early harvests averaged 
ea. 545 mp. This gradually increased with subsequent 
harvests until a maximum of ca, 615 mp was reached 
in tree-ripe fruit. Changes due to ripening in storage 
at 70° F were also in harmony with previous observa- 
tions on peaches (3) and plums (6). The wavelengths 
of peak transmittance of early-harvested, immature 
samples ripened in storage never reached as high 
levels as fruit harvested later, even when held to the 
point of spoilage. Ripened fruit from successively 
later harvests showed readings which gradually 
approached those of tree-ripened fruit. 

This measurement is considered useful in following 
maturation and ripening within varieties but of less 
potential use as a general maturity index of peaches. 
Ernest et al (6) showed that it is related to internal 
color of plums. Thus, color differences among va- 
rieties of peaches might cause differences in wave- 
length of peak transmittance which might not be 
specifically related to stage of maturation. 

Estimation of chlorophyll by difference in optical 
density. Attention was focused next on the possible 
use of changes in optical density in the region ea. 
675 mp which were also apparently related to stage 
of maturation (Figure 1). Birth, Norris and Yeatman 
(4) used similar changes as an index of internal 
quality of tomatoes, pointing out that the ‘‘minimum 
transmittance for a green tomato occurs at 670 mz, 
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Figure 1. Optical density curves of 4 intact Elberta peaches 
at progressive stages of maturation. Curve No. 1, typical of 
fruit harvested August 3; No. 2, August 17; No. 3, August 
21; No. 4, August 26, tree-ripe stage. 
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New potato shapes, created to revitalize lagging appetites, are making 
important sales news all along the nation’s shopping fronts. Urschel 
machines can cut practically any shape you want. They feature pre- 
cision uniformity, highest yields, lowest product loss, unusually high 
capacities, low maintenance, and complete product protection (product 
contacts only stainless steel or special non-corroding metal surfaces). 
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Gelatin is versatile. It is a functional food. It can be used 
as a binder . . . protective colloid . . . coating . . . jelling 
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gelatin adds food value while it performs these functions. 
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ties. Each type is uniform from batch to batch because 
every lot is tested before shipment. Swift gelatins are char- 
acteristically high in strength, too, for greater economy 
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corresponding to the maximum absorption of chloro- 
phyll.’’ 

Measurements at 675 mp did not show changes in 
fruit from the first 3 harvests, which analysis indi- 
cated to be highest in chlorophyll (10 to 18 pg per g 
of fresh weight). These samples were apparently 
beyond the range of the instrument, which covered an 
optical density range of ca. 6. Measurements made at 
690 mp did not show changes during the first harvest ; 
however, those at 700 mp» appeared sensitive through 
the total range of chlorophyll found in very immature 
to tree-ripe peaches (18.00 to 0.06 pg per g of fresh 
weight). The data were then caleulated as differences 
in optical density between that at 700 mp, and that at 
wavelengths outside this region, specifically 720 mp 
to 750 ma (Figure 1). These differences [A OD (700- 
720) and A OD (700—750)] are relatively insensitive 
to differences in size of fruits, gain in amplifier and 
other factors which influence the over-all absorption 
curve (4). 

The choice of measurements in the region 720 mp to 
750 mp for use in this calculation was based on two 
considerations. First, these measurements were ap- 
parently fairly stable and not sensitive to chloro- 
phyll (Figure 1). Seeond, this region is fairly close 
to the 700-mz measurement and thus should show 
similar light-scattering characteristics, thus mini- 
mizing error from that source. These points were con- 
sidered during the course of exploratory work during 
the 1957 and 1958 seasons. 

The AOD (700-720), AOD (700-740) and AOD 
(700-750) were caleulated for each of the 6 individual 
peaches of each harvest and then compared to the cor- 
responding chlorophyll analysis. Correlation coeffi- 
cients were calculated and graphs plotted and studied. 
The caleulation of log of chlorophyll content vs 
optical density differences (A OD) was found to result 
invariably in higher correlations than chlorophyll 
absolute content vs AOD. Graphs also indicated that 
the fit of the relationship was much better. 

The highest correlation, 0.957 on 60 points, repre- 
senting 6 samples from 10 harvests (Figure 2), was 
found between A OD (700-740) and log chlorophyll 
content pg per g of fresh weight. Since OD 700 mz is 
greater than OD 740 mz in green fruit of high chloro- 
phyll content, this type of fruit is associated with 
+AOD (700-740), and fruit of lower chlorophyll 
with —A OD (700-740) 

Calculation of optical density differences between 
wavelength pairs near the above indicated that other 
AOD seales might have precisions equal to AOD 
(700-740). For example, the correlation between 
A OD (700-750) and log chlorophyll was 0.940. How- 
ever, because of the presence of a known water- 
absorbance band at 750 my, this finding was inter- 
preted with caution. The correlation with OD (690 
720) was 0.918, this increasing to 0.934 when only the 
last 7 harvests (42 points) were considered. The fact 
that OD 690 mp» was not sensitive to small changes 
in chlorophyll level during the first few harvests 
would tend to lower correlations involving this meas- 
urement. It was also observed that OD 720 mp was 
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Figure 2. Comparison of changes in 40.D. (700-740) of in- 
tact peaches measured on the Rephobiospect, with their corre- 
sponding chlorophyll contents. 


not responsive in very ripe peaches. Some hint of this 
ean be seen in Figure 1. The correlation between 
4 OD (695-725) as read on the DMS instrument and 
log of chlorophyll content of peach samples of the last 
7 of the harvests was 0.939. This relationship is shown 
in Figure 3, with 4 OD expressed as ‘‘Meter Read- 
ings’’ of this instrument. The single point which is 
‘‘out of line’’ in Figure 3 is thought to be due to an 
erroneous tabulation of the meter data. 
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Figure 3. Comparison of DMS meter readings made on 
intact peaches with their corresponding chlorophyll contents. 
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The average chlorophyll content of the 6-peach 
samples taken at each harvest declined. Likewise, the 
average 4 OD (700-740) and nearby wavelength pairs 
changed similarly. The relationship between the de- 
cline of 4 OD (700-740) and harvest date is shown in 
Figure 4, with the chlorophyll content being shown as 
the logarithm of the average and with adjustment of 
the scales to equal length. Apparent irregularities in 
the decline are thought to be caused by the small size 
of the samples, indicating that 6 peaches are insuffi- 
cient to represent adequately the progress of matura- 


tion of all peaches on the 2 trees. 


400 (700-740) 
+ LOG CHLOROPHYLL 


ee 

OATES 

Figure 4. Decline in average chlorophyll contents of peaches 

and corresponding change in \0.D. (700-740) on the Rephobio- 

spect with advancing harvest-dates. Each point represents the 
average of 6 peaches. 


Relationship of eating quality to DMS instrument. 
Classifications. Scores of frozen peach samples pre- 
pared from peaches which had been separated into 
11 AOD (695-725) classes by use of the DMS instru- 
ment indicated that there was a relationship between 
this classification and average panel scores for eating 
quality. Those samples in classes below 7 (with de- 
creasing meter readings indicating apparently in- 
creasing maturation) received low scores. Those sam- 
ples with decreasing meter readings through Class 9 
received higher panel scores. Comments from the 
panelists regarding peaches of the last 2 classes (ap- 
parently the most mature) indicated that these, al- 
though of good flavor, were perhaps too soft in 
texture. 

These data thus indicated that the DMS instrument 
when set to read AOD (695-725) could be used to 
classify Elberta peaches according to qualities in- 
duced by maturation. This classification can be done 
on this portable instrument as rapidly as the fruit 
ean be handled (2). 


TABLE 1 


Relationship of the DMS meter classification of intact peaches 
to the eating quality of frozen sliced peaches 


DMS Eating quality 


| Meter reading? 

80 to 

70 to 

60 to 

50 to 

40 to 

30 to 

20 to 

10 to 

to - 

—10 to 
—20 to —30 
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' Based on 1 OD (695-725), displayed on a seale in which ca. 0.77 
OD = 100 scale divisions. 

2 Mean of scores of 9 judges, with increasing score indicating greater 
preference. 

LSD between means of eating-quality scores: 0.05; 14.22. 


LITERATURE CITED 


. ALLEN, F. W. Objective tests for the determination of the 
best maturity in freestone peaches for local and distant 
markets, Nat’l. Peach Couneil Ann., 51-53 (1954). 

2. Birtu, G. 8. Dual monochromator spectrophotometer for 
agricultural applications. Program of the American 
Society of Agricultural Engineers, Chieago, Illinois. 
Dee. 1959. 

3. Birru, G. S., anp Norris, Kart H. An instrument using 
light transmittance for non-destructive measurement of 
fruit maturity. Food Technol., 12, 592-595 (1958). 

. Birru, G. S., Norris, Kart H., AND YEATMAN, JOHN N. 
Non-destructive measurement of internal color of to- 
matoes by spectral transmission. Food Technol., 11, 552- 
557 (1957). 

5. Buake, M. A., AND Davipson, O. W. Some studies in the 
degree of maturity of peaches at harvest in relation to 
flesh firmness, keeping quality and edible texture. N. J. 
Agr. Expt. Sta. Bull. 606 (1936). 

3. Ernest, V., Birtu, G. S., A. P., AND Go- 
LUMBIC, CALVIN. Evaluation of light transmittance tech- 
niques for maturity measurements of two varieties of 
prune-type plums. Food Technol., 12, 595-599 (1958). 

. HALLER, Mark H. Handling, transportation, storage and 
marketing of peaches. U. 8S. Dept. of Agr. Biblio. Bull. 
21 (1952). 

KRAMER, A., AND Situ, H. R. Electrophotometric methods 
for measuring the ripeness and color of canned peaches 
and apricots. Food Technol., 1, 527-539 (1947). 

. Leonarp, B., Lun, B. S., Hinretner, E. Flavor evalu- 
ation of canned cling peaches. Food Technol., 7, 480-485 
(1953). 

. Lorr, R. V. The terminology of fruit maturation and 
ripening. Proc. Am. Soc. Hort. Sci., 46, 166-172 (1945). 

. Lorr, R. V. Elberta peach maturity standards based on 
eolor. Trans. Ill. State Hort. Soc., 90, 163-172 (1945). 

2. Norris, K. H. Measurement of quality in foods and agri- 
cultural commodities by physical methods. Proc. First 
Symposium Food Phys., 113-124 (1956). 

3. Norris, K. H., Birrn, G. 8S., YEATMAN, J. N., AND BENDER, 
R. W. Rapid estimation of chlorophyll content of whole 
apples. Abs. Am. Soe. Hort. Sei. Ann. Meeting, Univer- 
sity Park, Penna. (1959). 

. Official Methods of Analysis. Association of Official Agri- 
cultural Chemists. 7th Ed., 1950. A.O.A.C., Washington, 
D.C. 6, 65. 

15. Roop, Pavt. Development and evaluation of objective ma- 
turity indices for California freestone peaches. Proc. 
Am. Soc. Hort. Sci., 70, 104-112 (1957). 


Class 
100 
+50 
+25 4 
oso 
we oF AVERAGE 
AVERAGE o 400 OF : 
CHLOROPHYLL (700-740) 
CONTENT 
000 
030 
. 
i 


The Water Binding Capacity of Fresh Pork. I. 


The Influence of Sodium Chloride, Pyrophosphate, and 
Polyphosphate on Water Absorption 


(Manuscript received July 26, 1960) 


SUMMARY 


Factors influencing fluid retention by ground fresh pork at 
0° C and 100° C have been examined. 

The addition of sodium chloride, tetrasodium pyrophosphate, 
or alkaline polyphosphate improves fluid retention. The phos 
phates are particularly effective, but this eannot be attributed 
to their ability to complex calcium and magnesium ions. 

Fluid retention at 0° C from sodium chloride, and other 
neutral salt solutions depends on the degree of ion absorption. 
The anions are absorbed preferentially. Fluid retention cor- 
relates well with anion absorption. With phosphate solutions, 
fluid retention at 0° C shows a significant statistieal correlation 
with pH of the aged solution-meat mixtures. pH also influ- 
ences to some extent the degree of solubilization of (acto) 
myosin from meat proteins. 

The ionie strength of the solutions employed is important 
only in so far as it controls the rate of ion absorption by the 
meat. The greater the ionie strength the greater the absorption 
of ions. 

On heating to 100°C both anions and cations are released 
by meat but anions are still preferentially retained from neu- 
tral salts. 

Fluid retention at 100°C in the presence of phosphates 
appears to be related to the concentration of (acto)myosin 
that goes into solution at 0° C during aging of the solution- 
meat mixtures. The greater this concentration the stronger the 
gel of denatured protein formed on heat coagulation. This gel 
extends throughout the meat mass and retains moisture. 

All these effeets are influenced by the solution-meat ratio 


employed. 


Prion TO THE LAST DECADE few 
workers concentrated on the fundamental problem 
of water absorption by meat at low and elevated 
temperatures. 

The impetus afforded by the published results of 
these few has lately aroused a wider appreciation of 
the relevance, and importance, of such research to 
meat technology problems in general. The last five 
years have produced a proportionately greater num- 
ber of publications describing the results of investi- 
gations in this field. 

In spite of this increased activity much confusion, 
and contradiction, still exists regarding the factors 
that control water absorption. 

Grau and Hamm emphasize the importance of re- 
moval of certain trace cations from meat, particu- 
larly calcium and zine, if water retention is to be 
improved (12, 13, 14). The ease with which these 
ions are removed is believed to depend on meat pH 
since ions bind more strongly to meat at pH above 5.5. 
Swift and Berman (31) found a highly significant 
statistical correlation between the water retention of 
fresh beef muscle and its zine ion content. Water 
retention was inversely proportional to calcium and 
magnesium ion concentrations. On the other hand, 
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Swift and Ellis (30) observed a slight improvement 
in the water retention of beef treated with dilute solu- 
tions of magnesium chloride. 

The infiuence of pH is widely emphasized (9, 15, 23, 
24, 30, 31, 33). The pH of meat depends upon both 
its pre- and post-slaughter history (1, 2, 6, 15, 19, 22, 
25, 29). It is affected also by the addition of neutral 
salts and polyphosphates (3, 4, 9, 10, 11, 14, 17, 20, 
23, 24, 30). Water absorption by meat falls to a mini- 
mum at the iso-electric point of the meat proteins 
(5.0-5.5) and rises at both higher and lower pH 
values. Model experiments in which the pH of ground 
meat was adjusted by the addition of acid or alkali 
illustrate this point (33). 

Bendall (3) observed marked differences in the 
volume of ground meat treated with polyphosphate 
solution as compared with the volume of ground meat 
treated with polyphosphate plus sodium chloride. He 
suggested that these volume differences could be ex- 
plained only in terms of the change in ionic strength 
between the two solutions since they both had the 
same pH. Pyrophosphate was regarded as having a 
specific swelling effect on tean meat because of its 
ability to split (acto)myosin. 

Pyrophosphate dissolves meat proteins to an extent 
dependent on pH, ionic strength, magnesium ions, 
and the temperature at which the meat-pyrophos- 
phate mixture is stored (5, 26, 30). This observation 
may provide a link between apparently conflicting 
data. 

Popp and Muhlbreeht (27) take the view that poly- 
phosphates do not increase the water absorption 
capacity of meat. On the contrary, they merely re- 
store the water absorption ability possessed before 
slaughter of the animal. Kotter (21) supports this 
belief. 

Surprisingly few attempts have been made to cor- 
relate the protein content of meat and its water 
absorption capacity. No correlation was found be- 
tween the water absorbed by beef rounds and their 
protein content (29). An inverse correlation was 
established for beef muscle (31), however, with a 
direct correlation between water absorption capacity 
and the ratio of meat moisture content to protein 
content. 

Almost the whole of the published information on 
water absorption by meat derives from investigations 
with fresh, or frozen, beef. Little attention has been 
given to pork. 

This paper deals with factors that influence water 
absorption by fresh lean pork. Also the mechanism 
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of these processes, with particular reference to the 
action of sodium chloride and phosphates. 

Selection of techniques. As a preliminary it was 
necessary to select techniques suitable for estimating 
the water absorption capacity of meat. Methods de- 
scribed in the literature on this subject fall into the 
following categories : 


1) Estimation of water retention at 0° C. 

a) Press method (7,8). This method has been used 
principally by Grau, Hamm, and their co-workers. It 
has been described in great detail by them. 

b) Sedimentation method (23). Ground meat is 
mixed with water, or solutions of sodium chloride or 
phosphate, and allowed to stand for 20 hr. The water 
retained by the meat is calculated from its sedimenta- 
tion volume. 

ce) Centrifuge method (3, 18, 29, 30, 31, 32). 
Ground meat and water, or solutions of sodium 
chloride or phosphate, are mixed thoroughly and 
aged for approximately 24 hr at 0° C. The unabsorbed 
water is then isolated by centrifugation and measured. 


The press method requires quite small samples of 
meat, 0.3 g¢ per test. The sedimentation and centri- 
fuge methods employ larger sample weights, and 
provide, therefore, a measure of water absorption by 
more truly representative samples. Furthermore, it 
is easier to carry out several determinations simul- 
taneously by the latter two methods. 


2) Estimation of water retention at elevated tem- 
peratures. 


a) Heating meat-solution mixtures without a pre- 
liminary removal of the water that is not retained at 
0° C (3, 11, 30). Ground meat is mixed with water, 
or solutions of sodium chloride or phosphate, and kept 
at 0° C for approximately 24 hr. The mixture is then 
heated at the desired temperature, usually 70° or 
100° C, for a given time, and the free water removed 
by decantation or centrifugation. 

b) Heating meat-solution mixtures after a_pre- 
liminary removal of water that is not retained at 0° C 
(3,30). The residue from method le is heated at 70° 
or 100°C for a given time, and the free water re- 
moved by decantation or centrifugation. 


The essential difference between these two methods 
is that in (a) the nitrogenous matter that passes into 
solution is not removed before heating the meat- 
solution mixture. Thus method (a) bears a closer 
resemblance to what occurs in the cooking of meat in 
the normal way. Loss of soluble nitrogenous matter, 
particularly meat proteins, by centrifugation prior 
to cooking, results in the meat showing reduced water 
retention at elevated temperatures. Swift and Ellis 
(30) elaim that every gram of dissolved protein not 
removed by centrifugation helped retain approxi- 
mately 10 g of water when the meat was cooked. Ben- 
dall (3) also observed improved water retention under 
these conditions and concluded that ‘proteins retain 
more water when coagulated in the sol form than 
when coagulated in the gel form.’ 
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METHODS 


Shoulder meat from freshly slaughtered pigs was used 
throughout this work. The meat was trimmed to remove as 
much fat as possible, and the residua] lean was then passed 
through a laboratory-size mincer fitted with a 3-mm plate. 

Previous estimations of water retention at 0° C and 100°C 
by meat passed through plates with holes ranging in diameter 
from 3.0-7.5 mm indicated that optimum retention occurred 
when the meat was ground through plates with the smallest- 
diameter holes. This also applied to meat mixed with solutions 
of sodium ehloride or phosphate. 

Water retention at low temperature. To determine the con- 
ditions for optimum water retention at low temperature pre- 
liminary determinations were made on mixtures of ground 
meat with water, sodium chloride solutions and phosphate 
solutions. These were left at 20° C or 0° C for periods ranging 
from a half hour to 24 hr before removal of the unabsorbed 
fluid. Maximum absorption oceurred in all cases when the 
meat-solution mixtures were aged for 18-24 hr at 0° C. 

For the determinations in which equal weights of meat and 
solution were employed, 10.0 g ground meat were weighed into 
tared centrifuge tubes (50 ml capacity) and 10 ml distilled 
water, or aqueous solution of sodium chloride, tetrasodium 
pyrophosphate, or commercial polyphosphate introduced by 
pipette. The sodium chloride and tetrasodium pyrophosphate 
were of laboratory reagent grade. The commercial polyphos- 
phate contained sodium pyrophosphate (40.77% expressed as 
P.Os) and sodium polymetaphosphate (12.56% expressed as 
P,Os); a 1.0% solution in distilled water gave a pH of 9.5. 
After thorough mixing with a glass rod, rubber stoppers were 
inserted in the tubes and the mixtures were allowed to stand 
overnight, for a minimum of 18 hr at 0° C. The stoppers were 
then removed and the tubes centrifuged at 3000 rpm for 20 
min, Afterwards the supernatant fluid was decanted through 
pre-soaked and drained filter papers resting in small glass 
funnels into 10-ml graduated cylinders that could be read to 
within 0.05 ml. The tubes were drained into the filters for 
10 min, 

The percentage water retention per gram of meat was caleu- 
lated as— 


volume (ml) of fluid added — ml fluid not absorbed 100 


wt (g) of meat 
The volumes of the residual meat samples, after removal of 
unabsorbed fluid, were determined by displacement. 


Water retention at elevated temperatures 

Method 1. The centrifuge tubes containing the meat residues 
from the estimation of water retention at 0° C were fitted 
with short, narrow, air condensers and heated for 20 min in a 
boiling water bath. The water released from the meat was 
decanted and estimated by the procedure deseribed in the pre- 
vious section. 

% water retention at 100° C = % water retained at 0° C 


(ml water released at 100° C) 


(wt (g) of meat) 


Method 2. When equal weights of solution and meat were 
used 10.0 g ground meat were weighed into tared centrifuge 
tubes (50 ml capacity) and 10 ml distilled water, or aqueous 
solution of sodium chloride, tetrasodium pyrophosphate, or com- 
mercial polyphosphate introduced by pipette. After mixing the 
meat and solution thoroughly with a glass rod the tubes were 
stoppered with rubber corks and left overnight, for a minimum 
of 18 hr at 0° C. Short, narrow, air condensers were then fitted 
to the tubes which were heated for 20 min in a boiling water 
bath. The fluid not absorbed by the meat was decanted and 
estimated as described previously. 

% water retention at 100° C = 
volume (ml) of fluid added —ml fluid 


100 not absorbed by the meat 
wt (g) of meat 


In those tests where the influence of meat-solution ratio on 
water absorption at 0° C and 100° C was investigated the same 
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procedures were adopted as described above with the one dif- 
ferenee that the weights of meat and volumes of solution were 
readjusted as required. The weight of meat was kept constant 
at 10.0 g except where a meat-solution ratio of 1-4 was used. 
In this instance 5.0 g of meat and 20 ml! solution were mixed 
together. 

In both methods for determination of water retention at 
100° C the volumes of the cooked meat residues were deter- 
mined by water displacement. 

All water absorption tests were made in quadruplicate. 


N, content of fluid not absorbed by meat 

One hundred grams ground meat were mixed thoroughly 
with 100 ml distilled water, or 100 ml of a solution of sodium 
chloride, tetrasodium pyrophosphate, or eommercial phosphate 
(0.5-4.0% concentration) and aged overnight at 0°C. The 
samples were then centrifuged at 3000 rpm and the unabsorbed 
fluid filtered off through pre-moistened and drained filter 
papers. 

Five-milliliter aliquots were pipetted into each of 3 test 
tubes and treated as follows:-— 

a) Tube 1 was used for the determination of total Nz con- 
tent by the Kjeldahl procedure. 

b) Tube 2 was used for the determination of protein Ne con- 
tent (16). Ten ml 20% trichloroacetic acid was added, and a 
heavy white precipitate developed. This was filtered off, 
washed, and the Ns content of the filtrate determined by the 
Kjeldahl method. The protein N». content was calculated from 
the difference between the total N» content and the Nz content 
of the filtrate. 

¢) Tube 3 was used for the determination of (acto)myosin 
N2 content. Fifty ml distilled water were introduced and the 
mixture was allowed to stand at room temperature for 2 hr. 
The light precipitate was filtered off, washed, and the Ne con- 
tent of the filtrate was determined by the Kjeldahl method. 

The (acto)myosin content was calculated from the differ- 
ence between the total N» content and the Ns content of the 
filtrate. 


Consistency of heat-coagulated unabsorbed fluid extracts 


One hundred grams ground meat and 100 ml distilled water, 
or 100 ml solution (0.5-4.0% concentration) of sodium chloride, 
tetrasodium pyrophosphate, or commercial phosphate, were 
mixed thoroughly and aged for 18 hr at 0° C. They were then 
centrifuged at 3000 rpm; and the fluid not absorbed by the 
meat was isolated as described previously. 

Twenty milliliters of each fluid extract was pipetted into the 
wide arm of a U tube of the type normally used for measuring 
the rigidity modulus of gelatine gels (28). Mercury was intro- 
duced into the base of each tube prior to filling with fluid. The 
tubes were immersed in a water bath and the temperature 
raised gradually until the extracts coagulated. The tubes were 
allowed to cool and then transferred to another water bath 
maintained at 21°C. Air pressure was applied to the upper 
surface of the gels, and the rise of mereury in the capillary 
side-arm of the U tube noted for a range of air pressures. 

The modulus of rigidity of the gels decreased curvilinearly 
with increasing pressure until a constant rigidity value was 
obtained. Further increases in applied pressure then produced 
no further change in the modulus of rigidity. 


The modulus of rigidity (M) for each applied pressure (P) 
was calculated from the equation 
Pr 


8 Leh 


M 


where r is the radius of the U tube arm in which the gel is 
formed, L is the length of the gel column, ¢ is the radius of 
the capillary side-arm up which the mereury rises, and h is the 
distance through which the mereury rises. 

This method is not wholly suitable for the examination of 
relatively weak protein gels. It does provide, however, quanti- 
tative data of sufficient accuracy for purposes of comparison. 


Water absorption by meat in the presence of 
sequestering agents 

Water retention at 0° C was determined by the technique 
described previously. 

The di- and tetra-sodium salts of ethylenediaminetetraacetic 
acid were used in the ‘technically pure’ quality supplied by the 
manufacturers (Geigy Ltd) without further purification. 

The E.D.T.A. content of the di-sodium salt is stated to be 
78.5%; the E.D.T.A. content of the tetra-sodium salt is 76.0%. 


RESULTS AND DISCUSSION 


Influence of solution-meat ratio on fluid retention 
by ground pork. In the published data of other 
workers the proportion of ground meat to solution 
employed for determination of water retention ap- 
pears to have been chosen quite arbitrarily. No con- 
sideration has been given to the possibility that the 
solution-meat ratio used may affect water retention. 

Table 1 illustrates the influence of water-meat ratio 
on the water retention of fresh ground pork at 0° C 
and 100° C using the methods described in the pre- 
vious section. Only water was mixed with the ground 
meat. 

The data indicate that water retention depends 
noticeably on the ratio of water-meat employed for 
the determination. At 0° C the meat shows a positive 
retention of added water only when the ratio of water 
to meat exceeds 1-1, and particularly within the 
range of water-meat ratios of 3-2 to 3-1. Optimum 
retention occurs at a ratio of 2-1. At ratios outside 
the specified range the meat loses some of its natural 
moisture content. 

Water retention at 100°C depends both on the 
water-meat ratio and the method adopted for its de- 
termination. By method 1 the meat loses some of its 
natural moisture, the minimum loss being at a water- 
meat ratio of 2-1. Method 2 yields quite different re- 
sults. In all tests where water was mixed with ground 
meat there was a positive retention of added water. 


TABLE 1 


The influence of water-meat ratio on the water retention of lean fresh pork 


Total N, content (mg) pH 


% water retention 


Fluid released at Water-meat Meat plug after 


Water- 
meat ratio retained at 100 heating at 100 ( 
Method 1 Method 2 o* Cc Method 1 Method 2 ato° c Method 1 Method 2 

No water added 4.0 16.0 7.5 8.40 7.42 4.86 5.8 5.6 5.8 

1-2 =F 15.0 4.0 5.85 6.0 6.05 
1-1 1.5 18.0 16.5 37.08 49.50 9.11 5.8 6.0 6.2 

3-2 0.5 18.0 18.5 | 6.0 5.65 6.15 
2-1 9.5 15.5 23.0 88.46 49.50 12.78 6 ».6 6.2 
3~1 5.0 19.0 | 25.0 6.05 5. 6.3 
4—1 -5.0 23.0 20.0 42.65 27.70 16.74 6.2 5.7 6.4 
5-1 5.0 25.0 20.0 | | 6.25 .8 6.4 

6-1 5.5 27.0 | 20.0 | 43.38 29.70 | 18.20 6.35 5.85 6.45 
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Maximum retention occurred within the range of 
water-meat ratios of 2-1 to 3-1. The meat residues 
from heating by method 2 at 100° C always showed a 
higher final pH than after heating by method 1. 

Losses of nitrogenous matter from the meat were 
similarly influenced by the method adopted for esti- 
mation of water retention. Heating the meat-water 
mixtures by method 2 removed far less nitrogen than 
heating by method 1. Presumably heating by method 
2 results in at least part of the nitrogenous matter 
solubilized at 0° C being heat-coagulated within the 
ground meat mass. 

There appears to be a linear relationship between 
Ne solubilized from the meat on aging at 0° C and the 
differences between fluid losses at 100° C given in 
Table 1 (Figure 1). This implies that the higher 


Figure 1. The influence of removal of solubilized N. deriva- 
tives on water retention at 100° C. 


fluid’ losses obtained by method 1 are attributable to 
the removal of soluble Ny derivatives by centrifugation 
prior to heating at 100° C. For every 1 mg soluble N2 
derivative removed by centrifugation there is a dif- 
ference of 0.1 g@ water retention between the two 


methods. 


TABLE 2 


Influence of sodium chloride and phosphates on 
fluid retention at different solution-meat ratios. The 
effect of sodium chloride, tetrasodium pyrophosphate, 
and commercial polyphosphate on fluid retention was 
examined at various solution-meat ratios. Tables 2, 
3 and 4 give the results for the 3 additives in the 
order specified. Additive concentrations are expressed 
as a percentage of the weight of ground meat used. 
Thus, the strength of additive solution decreases in 
proportion to the increase in the volume of solution 
employed. 

Once again solution-meat ratio exerts a pronounced 
effect on water retention both at 0° and 100° ©. 

No clear pattern emerges of fluid retention at 0° C. 
However, it appears that when 0.5%-1.0% sodium 
chloride or phosphate is used fluid retention falls to a 
minimum generally within solution-meat ratios of 1-2 
to 2-1. A higher water retention is observed at a 
solution-meat ratio of 4-1. When higher concentra- 
tions are employed, viz. 2.0%—-4.0% sodium chloride 
or phosphate, fluid retention decreases with increasing 
volume of solution added from a solution-meat ratio 
of 1-2 through to a ratio of 4-1. It will be appreciated 
that a value of 50% water retention at a solution- 
meat ratio of 1-2 implies absorption of all the avail- 
able fluid. 

On heating the meat residues from these tests at 
100° C by method 1 the general pattern is one of de- 
creasing fluid retention as the solution-meat ratio 
changes from 1—2 to 4-1. In many cases the meat loses 
part of its natural moisture content. 

Fluid retention at 100° C by method 2 shows a quite 
definite increase with change of solution-meat ratio 
from 1—2 to 4-1. All meat samples retained some fluid 
from the added salt or phosphate solutions. 

The difference in fluid retention at 100° C as de- 
termined by methods 1 and 2 can be attributed to the 
removal of solubilized nitrogenous matter by cen- 
trifugation prior to heating in method 1. A statisti- 
eally significant logarithmic relationship was estab- 
lished between the mg solubilized nitrogenous matter 


The influence of sodium chloride, at various solution-meat ratios, on the water retention properties of lean pork 


% water retention 


Sodium chloride 
treatment 
(additive concen 
expressed as % of 
meat weight) 


Solution 100° ¢ 
meat ratio 


Method 1 Method 2 
10 25.5 9.0 
‘ ao 20.0 
1.2 37.5 


40.0 


Total N, content (mg) pH 


ed Fluid released at Solution Meat plug afte 
Fluid not 00° C meat heating at 0° C 
retained at mixture 
¢ after aging _—— 
Method 1 | Method 2 ato’ c Method 1 | Method 2 

12.2 16.2 5.5 6.1 6.0 

84.6 8.6 20.6 5.45 6.2 60 

106.0 8.7 26.5 6.2 60 

99.7 7.6 14.9 5.6 1.2 6.0 


6.0 
85.2 1 21.8 5.! 6.2 6.0 

5 6.0 


4 4 
f 
1.0% 1-2 11.5 19.5 12.5 
1-1 6.5 -~31.5 26.0 ‘ 
2-1 35.0 1 
4-1 25.0 33.0 52.5 1 
2 1-2 21.5 7.5 30.9 17.5 18.8 5.8 6.25 6.0 4 
1-1 13.5 -~27.0 35.5 80.5 12.2 20.1 5.8 6.15 6.1 
i 2-1 15.0 30.0 48.7 96.8 9.3 27.2 5.8 6.25 6.2 
4-1 15.0 —26.0 52.5 102.4 6.5 34.1 5.8 6.35 6.3 
1.0% 1-2 50.0 13.0 16.0 15.2 15.6 5.9 6.1 6.2 b 
x 1-1 58.0 7.0 31.0 41.8 20.2 21.0 5.9 6.15 6.3 
: 2-1 20.0 25.0 50.0 96.8 10.3 38.4 6.0 6.3 6.5 
é~1 18.0 —20.0 55.0 103.5 6.5 35.2 6.0 6.35 6.55 
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TABLE 3 
The influence of tetrasodium pyrophosphate, at various solution-meat ratios, on the water retention properties of lean pork 
% water retention | Total N, content (mg) pH 
Tetrasodium | Solution 100°C Fluid not Fluid released at ee Meat plug after 
pyrophosphate ee orc retained at 100° mixture heating at 0° C 
| Method 1 Method 2 Method 1 Method 2 at 0° ¢ Method 1 | Method 2 
0.5% 1-2 7 25.0 7.0 53.3 13.6 17.1 6.3 6.5 6.6 
8.0 —28.0) 20.5 75.3 11.0 22.7 6.4 6.35 6.6 
2-1 0 38.5 42.5 94.6 9.8 29.6 6.4 6.2 6.7 
4-1 20.0 24.0 42.5 93.9 8.4 37.9 6.4 6.35 6.38 
1.0% 1-2 24.0 3.0 16.5 35.3 13.8 13.3 6.4 6.45 6.6 
1-1 12.4 . 26.0 74.5 12.6 20.4 6.75 6.4 6.8 
2-1 5. 5 | 46.2 97.3 11.1 28.7 6.7 6.5 7.0 
4-1 10.0 52.4 | 97.1 8.5 $8.2 6.75 6.35 7.0 
50.0 1.0 9.3 1.6 7.05 7.25 7.0 
1-1 $5.0 5.0 55.0 67.0 11.4 16.5 7.05 7.15 7.0 
2-1 17.5 7.5 89.0 97.1 8.8 26.0 7.1 73 72 
4-1 30.0 -34.5 110.0 103.6 26.3 7.2 7.3 7.2 
4.0% 1-2 50.0 34.5 49.0 72 0.6 73 7.3 7.2 
1~1 100.0 59.0 69.5 : 16.7 12.1 7.8 7.8 7.75 
2-1 105.0 89.5 136.8 74.4 4.9 16.8 7.8 7.8! 7.7 
4—1 RO 40.0 $21.0 114.5 10.7 8.7 7.9 7.85 7.85 
removed (x) and difference in fluid retention (g fluid as 
per g meat) at 100° C (y) between methods 1 and 2. 7: y 
This relationship covered the data for all tests where 
sodium chloride, tetrasodium pyrophosphate, or com- ‘ be 
mercial polyphosphate was added to the meat. The 
correlation coefficient r had a value of 0.92 for 35 de- ° 
grees of freedom, with a standard deviation o, of 0.05. : 
Figure 2 shows the regression line, with the 95% ' i 
confidence limits in broken Lines. 
The equation for the regression line is: . 
log y = 0.008x + 0.107 
This indicates that for every 100 mg nitrogenous mat- ‘ 
ter solubilized in the fluid not absorbed at 0° C, water ab) : 
retention at 100° C, as determined by method 1, will _ ; P 
be 8.07 g lower than retention by method 2. Using a 4 wb 
factor of 6.2 for converting Ny» into protein, the re- y oP 
moval of 1.0 g solubilized protein leads to method 1 L 
showing a fluid retention at 100° C that is 13.0 g lower ’ - es a c : 3 
than by method 2. This value is somewhat higher 
h 10 ‘d 1 Figure 2. The influence of removal of soluble N. deriva- 
than t ne g ailerence in Dus pert ogg prox = tives on fluid retention at 100°C from sodium chloride and 
solubilized calculated by Swift and Ellis (30). Simi- phosphate solutions. 
TABLE 4 


The influence of commercial polyphosphate, at various solution-meat ratios, on the water retention properties of lean pork 


% water retention Total N, content (mg) pH 


Solution 


Fluid released at Meat plug after 


Solution 100° C Fluid not meat 
reatment meat ratio retained at 100 heating at 0° ¢ 
oc ifter aging 
Method 1 Method 2 Method 1 Method 2 at 0° ¢ Method 1 Method 2 

0.5% 1-2 21.5 —18.0 1.5 36.4 16.6 18.2 6.1 6.6 6.4 
1-1 17.5 23.5 27.5 77.6 13.2 20.2 6.25 6.6 6.4 
2~] 12.5 —32.0 11.3 92.4 11.5 28.5 6.3 6.6 6.4 
ia 20.0 —23.0 50.0 3.1 8.3 33.3 6.35 6.7 6.5 

1.0% 1-2 2.0 12.5 22.9 16.4 15.9 6.4 6.8 6.5 
1-1 16.5 22.0 67.8 14.4 23.3 6.6 6.4 6.6 
2-1 22.8 43.8 12.1 29.9 6.6 1.3 6.6 
4—1 —14.5 62.5 OR.4 8.9 37.8 6.6 6.9 6.7 

2.0% 1-2 36.0 ae ee 4.9 6.2 6.9 6.9 6.6 
1-1 19.5 40.0 8.5 3.8 19.7 6.8 6.85 6.8 
2—1 —4.5 57.5 4.6 3.3 29.1 6.9 6.9 6.8 
| —5.0 75.0 2.5 2.5 38.0 6.95 6.9 6.8 

4.0% 1-2 50.0 27.0 5.0 4.8 7.5 7.5 7.35 
a | 100.0 60.5 Um 3.9 14.2 7.4 7.5 7.5 
2-1 91.5 2.5 92.5 8.3 2.8 25.2 7.5 7.5 7.4 
4-1 93.0 36.0 102.5 2.6 20 38.1 7.5 7.6 7.6 
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larly, in the absence of sodium chloride, or phosphate, 
solubilization and removal of 1 g protein produces a 
difference in fluid retention at 100° C, as determined 
by the two methods, of 16.0 g (Figure 1). This sug- 
gests that sodium chloride and phosphate reduce the 
loss of those proteins responsible for retention of 
moisture by meat at 100° C. 

For any particular solution-meat ratio, fluid re- 
tention of both 0° and 100° C improves with increas- 
ing concentration of salt or phosphate. Little differ- 
ence in fluid retention is observed between the 0.5% 
and 1.0% concentration levels of additive, but marked 
improvement occurs at the 2.0% and 4.0% levels. 

Fluid retention at 0° C under the influence of phos- 
phates can be related to the pH values of the solution- 
meat mixtures after aging at 0° C. Figure 3 shows 
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Figure 3. Correlation of fluid retention at 0° C with pH of 
aged solution-meat mixtures. 


the regression line; also the 95% confidence limits in 
broken lines. The linear relationship, covering all 
tests with sodium pyrophosphate, and commercial 
polyphosphate, is statistically significant. The corre- 
lation coefficient r is 0.916 for 30 degrees of freedom, 
with a standard deviation o, of 5.07. 

The equation for the regression line, over the pH 
range 6.3-8.0 is 

% fluid retention at 0° C = 60.6 pH — 378.5 


Thus, for phosphates to improve fluid retention at 
0° C the pH of the aged solution-meat mixtures must 
rise above 6.25. 

Each pH increase of one unit above pH 6.3 pro- 
duces an increase in fluid retention at 0° C of approxi- 
mately 6 g per g meat. 

Retention of fluid by pork from sodium chloride 
solutions at 0° C is uninfluenced by pH. This suggests 
that a different mechanism operates from that for 
fluid retention from phosphate solutions. 

The pH of the aged meat-sodium chloride mixtures 
depends on the original pH of the meat. When the 
latter is below 6.0, the aged mixture pH is slightly 
higher ; when the pH of the meat is 6.3, or above, the 
pH of the aged mixture is about 0.1 unit lower. For 
intermediate meat pH values the meat and aged mix- 


ture show the same pH. These observations indicate 
that the nature of ion absorption from sodium chloride 
solutions depends on the original pH of the meat. 

Fluid retention at 100°C does not correlate well 
with pH. Method 1 always gives lower values than 
method 2, and in many tests the former procedure 
leads to loss of some of the natural moisture content 
of the meat. From this it may be inferred that the 
proteins solubilized during aging at 0°C of the 
ground meat-solution mixes possess greater water 
binding capacity than those proteins retained by the 
meat. 

Statistical examination of Ns data for the fluid not 
retained at 0° C and the pH values of the aged ground 
meat-solution mixtures did not indicate a significant 
correlation. However, No data may be misleading, 
since they give no indication of the actual composition 
of the fluid extracts. Since certain proteins may in- 
fluence fluid retention to a greater extent than others, 
a more detailed analysis of the fluid extracts is re- 
quired. Table 5 illustrates this point. Although the 


TABLE 5 


Protein composition of aqueous extracts from fresh minced 
lean pork 
sos % Total N, Protein Ny | Actomyosin N, 
Additive Concentration | (mg/ml) (mg/ml) (mg/ml) 2 
Water 7.20 5.70 0 
Sodium 0.5 8.00 5.75 0 
chloride 1.0 8.35 6.10 | 0.02 
2.0 8.50 5.90 | 0.18 
4.0 9.40 7.00 0.60 
Tetrasodium | 0.5 8.20 | 6.00 0.18 
pyrophosphate | 1.0 8.40 | 5.85 1.05 
2.0 9.50 | 7.01 1.13 
Commercial 0.5 8.10 5.65 0.55 
polyphosphate 1.0 8.41 5.85 1.90 
2.0 10.02 | 6.51 2.18 
4.0 come” ° 


* Complete retention of fluid by meat. 


total Ne values for most of the fluid extracts are very 
similar, and also their protein Ne contents, the (acto) 
myosin N» contents are quite different. In particular 
only the phosphates appear to solubilize (acto) myosin 
to any extent. The optimum (acto)myosin content 
found in any extract formed approximately 21% of 
the total Ne content. Fluid extracts have been isolated 
from frozen beef that contained more than 30% of 
their total Ne content as (acto)myosin Noe. 

The consistency of gels formed by heat coagulation 
of the fluid not retained by meat from several phos- 
phate solutions was examined. The phosphate solu- 
tions ranged in pH from slightly acid to very alkaline. 
It was found that the more alkaline phosphates gave 
gels of higher rigidity modulus (Table 6). Neutral, 
or slightly acid, phosphates gave gels of low rigidity. 

It appears, therefore, that the more alkaline the pH 
the greater the concentration of (acto)myosin that 
passes into solution in the fluid not retained by the 
meat. If this fluid is coagulated, by rise of tempera- 
ture, within the ground meat mass a gel is formed 
and the loss of fluid reduced. The amount of fluid 
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TABLE 6 
Modules of rigidity of heat-coagulated meat extracts 


Modulus of rigidity 
(dynes/cem*) at 
pH of 1.0% following applied 
aqueous pressu res 
solution (dynes/em?*) 


Phosphate used 


| 15,000 | 60,000 


Sodium metaphosphate................. 19,250 | 18,450 
Commercial | 19,500 | 18,500 
Sodium tetrapolyphosphate | 23,000 | 18,150 
Tetrasodium pyrophosphate a | 24,100 | 18,850 


bound up in the gel depends on the concentration of 
(acto) myosin solubilized. 

A study of the influence of inorganic salt and poly- 
phosphate solutions on the structure and texture of 
ground meat indicated that where strong hydration 
occurred, e.g., with phosphates, the fibrils swelled 
progressively until the normal structure disappeared 
leaving a very viscous paste. When coagulated by 
heating a gelatinous mass developed (14, 15, 27). 

The effect of sequestering agents on fluid retention 
by ground meat further supports the views expressed 
above. Di- and tetra-sodium derivatives of ethylenedi- 
aminetetraacetic acid were employed. The former 
gives a solution of pH 5 approximately, and the latter 
a pH of 11 approximately. Thus, the tetrasodium 
derivative corresponds in pH to a very alkaline poly- 
phosphate. In spite of this, fluid retention data for 
coneentrations within the range 1.0-4.0% showed that 
E.D.T.A. derivatives improve fluid retention by meat 
to a much smaller extent than phosphates of similar 
pH (Table 7). Mixtures of sodium chloride and 


TABLE 7 


Water retention by minced pork in the presence of E.D.T.A. 
sodium salts 


pH of aged | % concen-| 

minced meat. | tration of 
additive additive 
mixture solution 


% water 
retention 
ato 


Additive 


Commercial polyphosphate...... j 


Weg 
Commercial polyphosphate......... 


Commercial polyphosphate 


Na, 
41.0% 


Commercial polyphosphate............. 
+ 1.0% NaCl 


alkaline polyphosphate proved far more effective than 
mixtures of sodium chloride with E.D.T.A. deriva- 
tives. Furthermore, ground meat treated with solu- 
tions of alkaline polyphosphate possess quite a firm 
texture, whereas meat treated with E.D.T.A. deriva- 
tives proved quite crumbly. 

The superior effect of alkaline phosphates and 
polyphosphates is not merely a question of pH, 
therefore. 


The experiments with E.D.T.A. derivatives further 
indicate that the ability of phosphates and polyphos- 
phates to complex calcium and magnesium ions in 
meat does not explain their efficiency in improving 
fluid retention. This belief is further strengthened by 
the observation that magnesium chloride actually im- 
proved fluid retention by ground pork at both 0° C 
and 100° C. A further paper will give details of an 
investigation to determine whether fluid retention by 
meat could be explained in terms of a lyotropic effect. 
Sodium nitrate, potassium nitrate, potassium chlorate, 
potassium iodide, sodium iodide, sodium chloride, and 
magnesium chloride were examined, within the econ- 
centration range 0.5-4.0%. It was found that mag- 
nesium chloride was very effective in improving fluid 
retention by meat, and that it was more efficient than 
sodium chloride in this respect. 

Provided solution-meat ratio is kept constant fluid 
retention at both 0° C and 100° C increases with in- 
creasing ionic strength of the solutons. (Fgures 4 
and 5). However, no statistical correlation could be 


x c 


Figure 4. Influence of ionic strength on fluid retention at 
0° C using a solution-meat ratio of 1:1. 


Figure 5. Influence of ionic strength on fluid retention at 
100° C using a solution-meat ratio of 1:1. 


established between fluid retention and ionic strength 
over the range of solution-meat ratios examined. This 
is to be expected since it has been shown that solution- 
meat ratio itself influences fluid retention. 

Work, to be described elsewhere, indicated that 
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when ground meat is mixed with neutral salts the 
anions are preferentially absorbed. The binding of 
cations from potassium and sodium salts proved in- 
significant. 

In the case of magnesium salts magnesium ions were 
bound to a greater extent. The magnitude of ion 
absorption depended linearly on the concentration of 
the original salt solution. The higher the gram mo- 
lecular concentration the greater the extent of ion 
absorption. On heating at 100° C both cations and 
anions were released by the meat, but the anions were 
still preferentially retained. The weight of fluid re- 
tained by the meat at 0° C correlated well with the 
gram ion concentration of anions absorbed. 

Hamm (13) reached similar conclusions regarding 
preferential absorption of anions from neutral salts. 
His deductions were based solely on changes in pH 
following the mixing of meat with the appropriate 
salt. No chemical analyses were made. 

The absorption of ions from alkaline polyphosphate 
solutions was more complex. In this instance the 
anions were absorbed to a lesser extent than the cat- 
ions. The ratio of anions to cations absorbed inereased 
with increasing pH of the solution-meat mixture, 
after aging at 0° C, until it reached unity at pH 7.4 
approximately, This applied also when solutions con- 
taining sodium chloride plus alkaline polyphosphate 
were mixed with ground meat. 

The effect normally attributed to the ionie strength 
of the solution mixed with the meat samples may, 
therefore, be intimately related to the question of ion 
absorption. 

These investigations suggest that fluid absorption 
at low temperature involves two mechanisms : 

a) lon absorption. Factors influencing absorption 
include aging time and temperature, the solution- 
meat ratio employed, and the ionie strength of the 
solution mixed with the meat. The ions absorbed are 
held by electrostatic attraction to the ion groups of 
opposite charge on the meat proteins. In turn, water 
molecules are bound electrostatically by these ions. 

b) Solubilization of meat proteins, particularly 
(acto)myosin. Aging time and temperature, the solu- 
tion-meat ratios employed, and pH and ionie strength 
of the solution mixed with the meat, all influence this 
process. In the ease of alkaline phosphates some other 
factor, possibly configurational, also appears to be 
involved. 

The history and pH of the meat influence both 
mechanisms. 

Phosphates improve the water binding capacity of 
meat primarily by mechanism (b); neutral salts pri- 
marily by mechanism (a). 

Fluid retention at 100° C in the presence of phos- 
phates depends on the quantity of (acto)myosin that 
passes into solution at low temperature, and its ability 
to retain fluid within the gel structure formed on heat 
denaturation and coagulation. The nature of the gel 
structure is important. 

Meat with added sodium chloride shows a release 
of bound anions and cations on heating to 100° C, but 
the anions are still preferentially retained. 
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The Water Binding Capacity of Fresh Pork. II. 
The Influence of Phosphates on Fat 


Distribution in Meat Products 


(Manuscript received July 26, 1960) 


SUMMARY 

Emulsification of fat in sausages occurs only when an ade- 
quate amount of soap is present to act as the emulsifying agent. 
This soap is formed by interaction of alkaline phosphate with 
any free fatty acid content of the fat. 

Soap formation is promoted when the added phosphate is 
very alkaline, and the fat contains a high proportion of free 
fatty acid. If sodium chloride is present fat emulsification is 
obstructed since any soap that is formed will be precipitated 
(‘salted out’). 

The free fatty acid content of edible fats employed in 
sausage production is extremely low. Therefore, soap forma- 
tion—even in the absenee of sodium chloride—will be at too 
low a level for the fat to be emulsified. 


Tue INFLUENCE Of phosphates on 
the water binding capacity of fresh lean pork was 
discussed in the preceding article of this series. 

In practice one normally deals with meat from 
which the fat has not been removed. Therefore, it is 
necessary to consider the possibility that phosphates 
exert an influence on the fat as well as the lean meat. 
This latter point would be particularly relevant to 
sausage manufacture if phosphates were approved 
for use therein. 

Chopping together the ingredients of a sausage mix 


P. Sherman 


T. Wall & Sons, Ltd., The Friary, 
Acton, London W. 3, England 


is believed to produce an emulsion of solid fat par- 
ticles dispersed in a medium of finely minced meat 
(15). The (aeto)myosin solubilized through the aec- 
tion of salt in the chopping recipe provides the neces- 
sary emulsifying action. Stabilization of the fat 
particles results from envelopment by muscle fibers. 
It is doubtful, however, whether a chopped sausage 
mix contains fat particles of sufficiently small size, 
viz. of microscopic dimensions, for the system to be 
regarded as a true emulsion. More likely the strue- 
ture is that of a dispersion of large fat particles, 
visible to the naked eye, dispersed in a semi-solid 
meat phase. 

The patent literature contains many references to 
the use of phosphates, particularly alkaline phos- 
phates, as emulsifying agents in the production of 
asphaltic bitumen emulsions in aqueous media [for 
example, (6, 10, 14)|. The phosphates react with the 
free (naphthenic) acid content of the bitumen to 
produce soap which provides the required emulsifying 
power. Coarse emulsions of kerosene-in-water have 
been obtained also using phosphates as emulsifying 
agents (13). In the food industry phosphates find 
application in cheese manufacture, and other dairy 
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products (12). Emulsifiers for the food industry have 
been proposed consisting of blood plasma combined 
with condensed phosphates (2). 

Little information is available regarding any 
analogous effects by phosphates in meat products. 
The influence of phosphates on fat distribution in 
cooked sausages has been examined but the results 
appear inconclusive. Sausages containing acid sodium 
phosphate showed considerable fat release on cooking. 
Trisodium phosphate improved the fat distribution 
but large fat losses still occurred on cooking. Sodinm 
metaphosphate reduced fat losses (9). Increased fat 
binding in sausages has been claimed for water-soluble 
alkali metal phosphates (16). Frank (4), on the other 
hand, considered that fat retention in cooked sausage 
depended more on sausage composition and manu- 
facture technique than on the addition of phosphates. 
Hamm and Grau (8) found no evidence for emulsifi- 
cation of fats in meat-fat mixtures. They believe that 
fat emulsification is of minor importance to the im- 
provement in water binding capacity of meat products 
effected by phosphate addition. 

Lerche and Kelch (11) showed that polymerized 
sodium and potassium phosphates were ineffective as 
emulsifying agents for pure fat in water. With a 
mixture of two of these phosphates in certain propor- 
tions they succeeded in emulsifying tallow. Tallow 
contains free fatty acids. These would react with 
alkaline phosphate to produce soap, which would 
then effect the emulsification. Thus the mechanism of 
the process is similar to that for the production of 
asphaltic bitumen emulsions. 

This last observation suggests that the ability of 
phosphates to emulsify fats will depend on two fac- 
tors, viz., the free fatty acid content of the fat, and 
the alkalinity of the phosphate employed. Since the 
edible fats used in sausage manufacture show ex- 
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of phosphates on fat emulsification 
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tremely small free fatty acid contents it is doubtful 
whether the use of alkaline phosphates will result in 
emulsification of the fat. 

To confirm this belief emulsification tests have been 
made with various grades of pork and hog fat and 
aqueous solutions of phosphate ranging in pH from 
4 to 11. Since sausage recipes normally contain 
sodium chloride, the influence of the latter on the 
ability of phosphates to emulsify fats has also been 
examined. This aspect is of some importance since it 
is a well established fact that the addition of sodium 
chloride to soap solutions throws a solid soap curd 
out of solution. 


EXPERIMENTAL 


Three grades of pork fat were used—best fat, rough, and 
flare—and an inedible hog fat. The free fatty acid content of 
the pork fat, expressed as oleic acid, ranged from 0.7 to 1.1%. 
The free fatty acid content of the inedible hog fat was 13.007. 

All phosphates and sodium chloride used in these emulsifica- 
tion tests were of ‘analytical reagent’ grade, with the exeeption 
of the commercial phosphate preparation examined. The latter 
contained sodium pyrophosphate (40.77% expressed as P.Os) 
and sodium polymetaphosphate (12.56% expressed as POs). 
A 1.0% solution in distilled water gave a pH of 9.5. 

For each test 50.0 g fat were used and a solution of 2.0 g 
phosphate, plus 2.0 g sodium chloride where necessary, in 50 ml 
distilled water. The fat and aqueous phases were warmed inde- 
pendently on a hot water bath to a temperature of 55° to 60° C, 
and maintained at this temperature for a further 10 min. Then 
the fat phase was added gradually to the aqueous phase with 
continued vigorous stirring throughout the addition. The 
aqueous phase was maintained at 55°C to 60°C during this 
period. Finally the mixes were passed through a laboratory 
homogenizer. 


RESULTS AND DISCUSSION 


Table 1 illustrates the ability of phosphates to 
emulsify the fats examined in the absence of sodium 
chloride. 


Observations 


Phosphate added 


Best ‘Rough 


Trisodium phosphate 


Foamy dispersion; much of 
aqueous phase soon 
settles out, leaving 
dispersion of oil globules 
in small volume of wate: 


Tetrasodium As for trisodium phosphate 


pyrophosphate 
Commercial phosphate As for trisodium phosphate 
preparation 


Disodium hydrogen Unstable dispersion. No 
phosphate foam produced 


No dispersion 


Sodium metaphosphate 


Sodium hydrogen 


pyrophosphate No dispersion 


No phosphate ; sodium 
chloride added 


No dispersion 


Acid value 


(as oleic acid) 


Edible fat 


Foamy dispersion; much of 
aqueous phase soon 
settles out, leaving 
dispersion of oil globules 
in small volume of water 


As for trisodium phosphate 


As for trisodium phosphate 


Unstable dispersion. No 
foam produced 


No dispersion 


No dispersion 


No dispersion 


(mgms. KOH) 0.60 1.0 


% F.F.A 0.30 0.50 


— Inedible hog fat 
Flare 


—— | 
Foamy dispersion; much of | 
aqueous phase settles 


Very stable emulsion of 
fine fat particles. Vis- 
out leaving dispersion eosity increases greatly 
of oil globules in small | on cooling to give thick 
volume of water | paste 


As for trisodium phosphate As for trisodium phosphate 


As for trisodium phosphate 


As for trisodium phosphate 


Unstable dispersion. No 
foam produced 


Unstable dispersion. No 
foam produced 


No dispersion No dispersion 


No dispersion No dispersion 


No dispersion No dispersion 


= 
| 
| 
| 
| 
0.74 
| 
1.6 


RHOZYME* ENZYMES OFFER FLEXIBLE ADAPTABILITY 
AS MEAT TENDERIZERS AND FOOD MODIFIERS 


Since RHOZYME proteolytic enzymes are micro- 
biological products, they can be made to a variety 
of specifications and allow adaptability not afforded 
by enzymes from plant and animal sources. 


For example, RHOZYME P-11 is tailored for opti- 
mum effectiveness in meat tenderizing formula- 
tions. Rohm & Haas offers basic formulas for both 
liquid and powder tenderizers. The liquids are 
ideal for packaging in aerosol spray dispensers. 
Rohm & Haas has done considerable research to 
provide good shelf stability to aerosol packaged 


Write to Dept. SP-16 for enzyme samples, 
information on acrosol tenderizers, 

and suggestions for additional uses of 
proteolytic enzymes in food processing. 


tenderizers and makes the information available 
to you. RHOZYME P-11 has been approved by the 
Meat Inspection Division of USDA for use as a 
tenderizer in treating meat cuts. 


Other RHOZYME proteolytic enzymes are designed 
for applications such as modifying whey protein 
for cheese spreads; acting as substitutes for ren- 
net in making cottage cheese ; improving quality of 
bread, crackers, cookies; making protein hydrol- 
yzates for diet foods, cereals, pharmaceuticals. 
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“If you are using an antioxidant... 


or if you are purchasing ingredients 


stabilized with an antioxidant... 
the chances are it’s a Tenox antioxidant.” 


“Why should this be so?” 

“Well, first and foremost is the 
product itself. Eastman manufactures 
every principal food-grade antioxi- 
dant being used today—butylated 
hydroxyanisole (BHA), butylated 
hydroxytoluene (BHT) and propyl 
gallate (PG). Singly or in combina- 
tion, in solution, in flakes or pellets, 
whatever your antioxidant require- 
ment, there is a Tenox antioxidant 
formulated to meet that requirement. 

“And there are other reasons, more 
intangible perhaps, but equally valid. 

“Consider Eastman’s antioxidant 
research and development program, 
for instance. Since introducing 
butylated hydroxyanisole as Tenox 
BHA in 1948 we have synthesized 
many other promising compounds, 
screened them for toxicity and eval- 
uated their effectiveness. Based on 
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this experience our people have ac- 
cumulated an invaluable background 
of information about oxidation in 
food products, the role of antioxi- 
dants and the theoretical chemistry 
involved. 

“Asa result of this work the food 
industry can today choose from a 
variety of antioxidants and formula- 
tions to meet a broad range of prob- 
lems. And the future promises anti- 
oxidants which will be even more 
effective. 

“Then there are studies of applica- 
tion requirements and_ techniques. 
Just as synthesis and evaluation of 
new antioxidants are vital to prog- 
ress, so are application procedures, 
methods of analysis and assistance in 
enabling food processors to use anti- 
oxidants most effectively. 

“Our food laboratories here in 


Kingsport, Tennessee have main- 
tained a continuing program to de- 
velop this kind of information with 
which to help food processors when- 
ever and wherever needed. Also, by 
keeping abreast of government regu- 
lations and by maintaining contact 
with the various agencies involved, 
we are often able to assist processors 
in determining what antioxidants 
may be used, how much, labelling 
requirements, etc. 

“Important, too, is a continuing 
program for production improve- 
ment. The production of food addi- 
tives requires extremely close con- 
trol of quality during manufacture. 
Experiences gained in synthesizing 
new antioxidants, development of 
more exact methods of analysis and 
a thorough knowledge of industry 
needs—all contribute toward achiev- 
ing the highest purity possible and in 
those forms best suited to meet the 
requirements of food processors. 

“One measure of our efforts in this 
regard is the declaration of contents 
on every Tenox label. 

“When you buy orspecify a Tenox 
antioxidant then, you are assured of 
the finest antioxidant today, the 
prospect of an even better one to- 
morrow and the aid and assistance of 
a company who is vitally interested 
in the food industry and is proving 
it. We believe that it is for these 
reasons that a major portion of the 
food industry depends on Tenox to 
protect its products against oxida- 
tion?’ 


Tenox 


Eastman food-grade antioxidants 


SALES OFFICES: East Chemical Products, 
Inc., Kingsport, Tennessee; Atlanta; Chicago, Cin- 
cinnati; Cleveland; Detroit; Framingham, Massa- 
chusetts; Greensboro, North Carolina; Houston; 
New York City; Philadelphia; St. Lovis. West 
Coast: Wilson & Geo. Meyer & Company, Son 
Francisco; Denver; Los Angeles; Phoenix; Portland; 
Salt Lake City; Seattle. Camada: Soden Chemi- 
cals, Montreal, P. Q.; Toronto, Ontario. 
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Dr. B. N. Stuckey, Supervisor, 
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Only the very alkaline phosphates appear effective. 
With the fats of low free fatty acid content emul- 
sions were not produced, only coarse dispersions of 
large fat globules in water. This is probably due te 
the ability of such phosphates to lower the interfacial 
tension between the two phases to some extent. With 
the inedible hog fat very stable emulsions were pro- 
duced. These emulsions became extremely viscous on 
cooling, due to the high-volume concentration of dis- 
persed fat globules. 

These observations suggest that the true emulsify 
ing agent involved in these phenomena is soap and not 
phosphate. The pH at which soap is formed is rather 
high, since emulsification of inedible hog fat is not 
observed with aqueous solutions of disodium hydrogen 
phosphate (pH 9 approximately). 

When sodium chloride was dissolved in the aqueous 
phase, along with phosphate, emulsification of the fat 
was not achieved in any instance. With the very alka- 
line phosphates turbid dispersions of very large fat 
globules could be maintained so long as the systems 
were agitated, otherwise they broke down very rapidly. 

In order to emulate conditions in a cooked sausage, 
and also to examine the emulsifying powers of meat 
proteins, lumps of fat and minced meat were placed 
in solutions of phosphate and the temperature raised 
slowly to 100°C. As the temperature rose the fat 
melted and dispersed in the form of fine globules. 
Subsequent events followed the pattern summarized 
in Table 1. 

When phosphate was omitted from the aqueous 
phase neither dispersion nor emulsification of fat was 
observed. Thus solubilized meat proteins are ineffee- 
tive on their own as dispersing or emulsifying agents. 
Since the melting points of the fats (37° to 43° C) 
examined were below the denaturation temperatures 
of meat proteins these observations cannot be at- 
tributed to loss of emulsifying power by the meat 
proteins due to heat denaturation. 

At elevated temperatures the alkaline phosphates, 
e.g. pyrophosphate, triphosphate, polyphosphate, ete., 
show a tendency to hydrolyze. The rate of hydrolysis, 
and the nature of the phosphate formed, depend on 
temperature and pH of the medium (1, 3, 5, 17, 18, 
19). 

It appears, therefore, that the incorporation of 
phosphates in meat products does not result in fat 
emulsification at elevated temperature. The most that 


may be achieved is a more homogeneous distribution 
of fat as small globules. The distribution of fat in the 
uneooked product will depend, however, on the effi- 
ciency of chopping during preparation of the sausage 
mix. Also the recipe used. 
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The Water Binding Capacity of Fresh Pork. Ill. 


The Influence of Cooking Temperature on the 


Water Binding Capacity of Lean Pork 


(Manuscript received July 26, 1960) 


SUMMARY 


When ground pork is heated at 25°-100°C after mixing 
with solutions of alkaline phosphate, or sodium chloride, the 
amount of fluid retained by the meat shows an over-all decrease 
with increasing temperature. 

For additive concentrations not exeeeding 2.0%, fluid reten- 
tion falls initially and then rises to a maximum at 50°C ap 
proximately. At still higher temperatures fluid retention falls 
off rapidly. With higher additive concentrations the pattern is 
different, since all added fluid is absorbed by the meat before 
heating. Fluid release begins at a temperature depending on 
the additive employed, and then continues smoothly with in 
creasing temperature. 

The trends in fluid retention relate to transformations in 
soluble meat proteins following heat denaturation and coagula 
tion. Solubilization of (acto)myosin before heating is of 
primary importance; also, the physical nature of the coagulum 
formed at elevated temperature. 

Alkaline phosphates affect the temperatures at which coagu 
lation begins and terminates. Some additional faetor, apart 
from pH, is involved. 


Tue FIRST ARTICLE of this series 
(10) gave details of the influence exerted by sodium 
chloride, tetrasodium pyrophosphate, and commercial 
polyphosphate, on fluid retention by fresh lean pork 
at 0° and 100° C. Since meat processing often does 
not involve such extremes of temperature, these 
studies were extended subsequently to intermediate 
temperatures. 

Wierbicki, Kunkle, and Deatherage (12) carried 
out the only detailed previous work on this subject. 
They studied the effect of temperature on fluid reten- 
tion, pH, and ion concentration, in beef cooked alone 
and with added water or sodium chloride. Fluid re- 
tention decreased with increasing temperature except 
between 55° to 65° C, when fluid retention increased 
slightly. The pH values of the heated meat and the 
yeleased fluid increased with increasing temperature, 
particularly between 40° and 70° C. It was suggested 
that these temperatures coincide with the commence- 
ment and termination respectively of protein de- 
naturation, a process shown to involve large changes 
of cation concentration in the meat and released fluid. 
Changes in cation concentration within the meat were 
thought to promote protein hydration, and oppose tlie 
dehydration tendencies of protein denaturation. 

Child and her co-workers (2, 3, 4) found that the 
quantity of fluid released from beef muscle heated to 
58° C was greater than in muscle heated to 75° C. 
The coagulable nitrogen content of this fluid was 
inversely proportional to the heating temperature ; 
the non-coagulable nitrogen content showed little vari- 
ation between 58° and 75° C. 


P. Sherman 


T. Wall & Sons, Ltd., The Friary, 
Acton, London W. 3, England 


METHODS 


Shoulder meat from freshly slaughtered pigs was used. The 
meat was trimmed to remove as much fat as possible, and the 
residual lean was then passed through a laboratory-size mineer 
fitted with a 3-mm plate. 

The influence of heating temperature on fluid retention was 
investigated in the presence of distilled water, and solutions of 
sodium chloride, tetrasodium pyrophosphate, and commercial 
polyphosphate. The coneentrations of additive solutions ranged 
from 0.5-4.0%. Sodium chloride and tetrasodium pyrophos- 
phate were of ‘laboratory reagent’ grade; the commercial 
polyphosphate contained sodium pyrophosphate (40.77% ex 
pressed as P.O;s) and sodium polymetaphosphate (12.56% 
expressed as P,Os;). 

Fluid retention at each temperature—within the range 25° 
100° C—was determined using the principles of the two 
methods deseribed elsewhere (10). 

Ten grams of ground pork were weighed into tared centri- 
fuge tubes (50 ml capacity) and 10 ml distilled water, or addi- 
tive solution, were introduced from a 10-ml pipette. After 
thorough mixing with a glass rod, rubber stoppers were in- 
serted in the tubes and the mixtures allowed to stand overnight, 
for a minimum of 18 hr, at 0° C. On the following morning the 
contents of the tubes were treated in one of two ways. 

Method 1. The stoppers were removed from the tubes, which 
were then centrifuged for 20 min at 3000 rpm. The supernatant 
fluid was decanted, and the tubes allowed to drain for 10 min 
in an inverted position through presoaked and drained filters 
supported on the 10-ml graduated cylinders. 

The centrifuge tubes were fitted with short, narrow, air con 
densers and heated for 20 min in a water bath maintained at 
the desired temperature. After allowing the tubes to cool, fluid 
released by the meat was decanted through pre-soaked and 
drained filters into 10-ml eylinders that could be read to within 
0.05 ml. The tubes were allowed to drain for 5 min in an in- 
verted position. 

% fluid retention at 0° C = (10 ml — ml fluid released on 
centrifugation) 10 

Y% fluid retention at heating temperature % fluid re 
tained at 0° C (ml. fluid released at heating tem- 
perature X 10) 


Method 2. The stoppers were removed from the centrifuge 
tubes and short, narrow air condensers fitted. The tubes were 
immersed for 20 min in a water bath held at the desired tem 
perature. After allowing to cool, fluid released by the meat was 
deeanted through pre-soaked and drained filters into 10-ml 
eylinders that could be read to within 0.05 ml. The tubes were 
allowed to drain for 5 min in an inverted position. 

% fluid retention at heating temperature = (10 ml — ml 
fluid released at heating temperature) < 10 


All fluid retention tests by both methods were made in quad- 
ruplieate. 

Nitrogen analyses by the Kjeldahl procedure were made on 
the fluid not retained by the meat at each heating temperature. 

The pH values of the heated meat samples plus retained 
fluid were determined in each ease. 

Additional samples of fresh meat plus 0.5-1.0% additive 
solution, or distilled water, were aged overnight at 0° C and 
then centrifuged at 3000 rpm for 20 min. Samples of the 
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supernatant fluid were transferred to test tubes, fitted with 
narrow air condensers, and immersed in a water bath with glass 
sides, The temperature of the bath was raised very slowly. 
The temperatures at which turbidity first developed (com 
mencement of coagulation) and at which all free fluid had 
disappeared (completion of coagulation) were noted. 

For these coagulation tests the range of phosphates exam- 
ined was extended so as to inelude commercially available 
grades of sodium tripolyphosphate, sodium tetrapolyphosphate, 
sodium metaphosphate, and two neutral phosphates, SK 101 and 
SK 102. This permitted the study of coagulation characteris- 
ties over a wide range of pH. 

Parallel tests were made also with ground meat plus dilute 
solutions of hydrochlorie acid or sodium hydroxide so as to 
cover the pH range 6-11. 

The temperatures of the coagula were finally raised slowly 
to 100° C and any release of fluid noted. 


RESULTS AND DISCUSSION 


Raising the heating temperature leads to an over-all 
reduction in fluid retention (Figures 1-3). 


Figure 1. The influence of heating temperature on fluid 
retention by meat in the presence of added sodium chloride. 


Fluid retention as determined by method 1 re- 
mained unchanged between 25-50° C approximately. 
Within this temperature range meat retains fluid 
from most of fhe additive solutions with which it is 
mixed. The only exceptions are 0.5 and 2.0% sodium 
chloride. Meat does not retain any fluid from these 
latter solutions ; instead it loses some of its own mois- 
ture. Between 50—-70° C fluid retention falls quite 
markedly but above 80° C further release of fluid 
proceeds at a much slower rate. The net result of this 
final phase is that the meat loses some of its moisture 
at all concentrations of phosphate and sodium chloride 
examined except 4.0%. 

Fluid retention data obtained by method 2 present 
a more complex pattern. Furthermore, the meat al- 
ways retains fluid from the solutions with which it is 
mixed, irrespective of heating temperature and addi- 
tive concentration. At all concentrations of additive 


Figure 2. The influence of heating temperature on fluid 
retention by meat in the presence of added tetrasodium pyro- 
phosphate. 


Figure 3. The influence of heating temperature on fluid 
retention by meat in the presence of added commercial poly- 
phosphate. 


except 4.0% a similar pattern prevails. Fluid reten- 
tion decreases initially as the temperature rises above 
25° C. Above 40° fluid retention suddenly increases 
with further rise in temperature, and at 50°C ap- 
proximately it reaches a maximum. With subsequent 
increase in temperature fluid retention decreases 
continuously. 

When 4.0% solutions of additive are employed the 
meat retains the whole of the added fluid at low heat- 
ing temperatures. The temperature at which fluid 
release commences depends on the additive—above 
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40°C for sodium chloride, and 65°-75°C for the 
phosphates. This suggests that fluid is bound more 
strongly by meat at elevated temperature in the 
presence of phosphates than in the presence of sodium 
chloride. 

Nitrogen losses from meat during the estimation of 
fluid retention by method 1 greatly exceed those ob- 
served by method 2. 

In method 1 nitrogen losses remain constant at 
temperatures below 50—60° C for all additive concen- 
trations. For 4.0% tetrasodium pyrophosphate it 
extends to about 80° C. These losses correspond to the 
nitrogen solubilized during the preliminary aging at 
0° C, and removed by centrifugation prior to heating 
the residual mixture. At still higher temperatures 
nitrogen losses increase steadily, presumably through 
change in the previously insoluble nitrogen fraction. 

Nitrogen data for method 2 estimations show opti- 
mum loss from meat at approximately 40°C in all 
tests where the additive solution is not retained com- 
pletely by the meat at low temperature. Where fluid 
retention is complete, the temperature at which nitro- 
gen release begins depends on the additive solution 
employed—40° C approximately for sodium chloride, 
and 70-80° C for phosphates. All these nitrogen losses 
are very much smaller than the comparable amounts 
of nitrogen solubilized during the preliminary aging 
of the meat-additive solution mixtures overnight at 
0° 

The above observations suggest that the complex 
pattern of fluid retention and nitrogen losses in 
method 2 is attributable to meat proteins solubilized, 
or swollen, during the aging period at 0° C prior to 
heating. The (acto)myosin fraction probably exerts 
an important influence on these phenomena (10, 11). 

Tests with solubilized nitrogen extracts indicate 
that heat coagulation extends over a relatively wide 
range of temperature (Table 1). In general, as the 


TABLE 1 


Coagulation temperature data for solubilized nitrogen extracts 
from ground lean pork 


pH Coagulation tem 

peratures (°C) 

Additive . 
Additive Extract Commence. | 
from | 


solution | . | 
meat ment 


Completion 


Hydrochloric acid...... whe 5.85 48.! 59.9 
5.90 49.4 59.5 
Sodium hydroxide.. 5.90 50. 60.3 
Sodium hydroxide. { 5.95 | 40 60 
Sodium hydroxide. | 6.00 | 49.6 60.! 
Sodium hydroxide. | 6.20 50.6 


0.5% Sodium 
metaphosphate. 5.90 
1.0% Sodium chloride.. 5 5.75 
0.5% SK 102... 5.90 
0.5% SK 101 5.95 
0.5% Sodium tetrapoly 
6.15 
0.5% Sodium tripoly- 
¢ 6.15 51. 


pH of the additive solution increases, the tempera- 
tures corresponding to onset and completion of coagu- 
lation rise linearly (Figure 5). When solubilization 
of nitrogen is effected by phosphate solutions unit 
change in pH of the latter produces greater change in 
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Figure 4. The influence of heating temperature on nitrogen 
content of fluid not retained by meat. 


coagulation temperature than unit change in the pH 
of dilute solutions of alkali employed for the same 
purpose. Therefore, the influence of alkaline phos- 
phates on coagulation characteristics cannot be at- 
tributed to a pH effect only. 

The linear temperature-pH relationship estab- 
lished for both onset and completion of coagulation 
holds for all samples of meat examined. A detailed 
statistical study of the reproducibiblity of coagulation 


SAM ONS OF 


Figure 5. The influencs of additive solution pH on the 
coagulation characteristics of solubilized nitrogen extracts. 
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data confirmed that the observed effects could not be 
attributed to inaccuracies in their determination, or 
to variability within meat samples. 

Meat ‘history’ and buffering capacity also influence 
coagulation characteristics. For the many different 
meat samples examined the gradients of the linear 
temperature-pH relationships were identical; but 
they did not coincide although the same range of addi- 
tive solution pH was examined in each case. Thus for 
a given pH, nitrogen extracts from different meat 
samples did not always show the same coagulation 
temperature characteristics. 

When the heat-coagulated nitrogen extracts were 
heated to temperatures above 65°-70° C fluid sepa- 
rated. Qualitative observations suggest that the 
volume of fluid increased with increasing temperature. 

The pH of the heated meat plus retained fluid 
showed an over-all rise with increasing temperature in 
all tests but one (Figure 6). Change of pH with tem- 


Figure 6. Change in pH of meat plus retained fluid on 
heating. 


perature was the same for comparable samples heated 
by methods 1 or 2. Rise of pH as result of heating 
appears to proceed more gradually in the presence of 
phosphates than in the presence of sodium chloride. 

The pH changes accompanying heat denaturation 
of meat proteins result from rupture of those linkages 
in the protein molecule involving imidazole, sulfhy- 
dryl, and hydroxyl groups. Subsequently hydrogen 
bonds are established between carboxyl and amino 
groups (1). 

Denaturation of (acto)myosin involves two re- 
actions: a rapid first-order reaction resulting in 
partial denaturation, plus a superimposed slow, pH- 
dependent, reaction that completes the denaturation 
(13). It has been suggested, however, that the order 
of the denaturation reaction may change when sodium 
chloride, or other additives, are present (9). 

The belief that improvement in fluid retention by 


meat at 50°-65° C ean be attributed to changes in 
eation concentration (12) appears erroneous for two 
reasons. First, the evidence relating to the importance 
of sequestration of certain ions to meat hydration, 
even at lower temperatures, is contradictory (5, 6, 10, 
11). Second, the soluble nitrogen derivatives precipi- 
tated as insoluble coagula between 50-65° C in the 
present work. These soluble nitrogen derivatives have 
been shown to be responsible for the improved fluid 
retention in the aforementioned temperature range. 
Thus, whatever change occurs to improve fluid reten- 
tion it cannot be a hydration effect. 

Examination of fluid retention and nitrogen data 
derived by method 2 reveals a linear correlation up to 
a temperature of 50° C, fluid retention decreasing as 
the amount of nitrogen in the unretained fluid in- 
ereases. The minimum fluid retention at 40° C eoin- 
cides with a maximum release of nitrogen. Above 
50° C the correlation disappears. Heat coagulation 
data for the soluble nitrogen extracts (Table 1) indi- 
cate that 50° C approximates to the temperature at 
which coagulation begins. The ability of meat to re- 
tain fluid by absorption will decrease rapidly above 
this temperature. 

Rabbit myosin has been shown to coagulate at tem- 
peratures below 53° C even in the presence of 0.01- 
0.02M sodium pyrophosphate or tripolyphosphate (7, 
8). 

When these soluble nitrogen derivatives coagulate 
within the meat the protein molecules interlink to 
form a barrier to further fluid loss. Fluid retention 
increases, as a result, at this temperature. At higher 
temperatures the structure of the coagulum weakens, 
possibly because of breakdown of the molecules to 
units of lower molecular weight, and entrapped fluid 
is released. Fluid retention then decreases. 

Stronger coagula are developed with alkaline phos- 
phates than with sodium chloride (10). Therefore, 
more fluid is retained by meat at higher temperatures 
in the presence of the former additives. Coagulation 
temperatures, the nature of the coagula, and conse- 
quently the rate of release of fluid at temperatures 
above 60° C, depend on the nature and concentration 
of the additive employed. 

The observed variations in fluid retention on heating 
ean be explained, therefore, in terms of the colloidal 
transformations that occur in the soluble meat pro- 
teins. The most important factor appears to be solu- 
bilization, or swelling, of proteins—particularly 
(acto )myosin—within the meat prior to heating. This 
process is influenced by pH, time and temperature of 
the initial aging period, additive concentration, and 
for alkaline phosphates some additional faetor—pos- 
sibly the ability to split the bond between actin and 
myosin in (acto)myosin (71). 
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Gamma Radiation in the Control of Decay in 
Strawberries, Grapes, and Apples’ 


(Manuscript received August 6, 1960) 


SUMMARY 


Radio-sensitivity of Penicillium expansum and Botrytis 
cinerea conidia was proportional to the gamma dose and de- 
pendent on the nature of the suspending medium. In addition, 
for B. cinerea, recovery was modified by the holding period and 
the nature of the suspending medium following irradiation. 
Irradiation at from 100,000 to 300,000 rep (in rad, 91,280 to 
273,840) substantially reduced gray mold and Rhizopus rot of 
strawberries during storage at 75° F for 3 days or at 41° F for 
10 days. Doses of 300,000 rep prevented deeay of berries stored 
a total of 8 days at alternating temperatures of 41° F and 
75° F; injury in fruit irradiated at this dose was visible after 
4 days’ storage and severe injury was observed after 8 days. 
Under these conditions, doses of 200,000 rep prevented deeay 
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for 7 days, and 100,000 rep for 6 days without visible injury 
to berries. At 75° F a dose of 50,000 rep did not reduce growth 
of P. expansum in Jonathan apples regardless of the age of 
infection. A dose of 100,000 rep significantly reduced young 
infections (1-day-old) while 200,000 rep required to check 
deeay in 4-day-old infeetions. Doses exceeding 200,000 rep in- 
jured the fruit. Tokay grapes inoculated with B. cinerea re- 
mained free of decay for 4 days at 75° F after at least 200,000 
rep; to prevent decay for 10 days’ storage, a dose of 500,000 
rep was required. Time of appearance and intensity of rotting 
were inversely proportional to the dose. 


Syrups ON strawberries, grapes, 
and apples reported in this paper are part of an 
extensive investigation to attempt control of post- 
harvest diseases with gamma radiation. Experiments 
were designed to determine whether disease control 
was possible within a dose range that would not injure 
fruit. Two previous papers have dealt with oranges 
and lemons, and peaches (2, 3). These studies have 
shown that although a relatively low dose of radiation 
can cause marked injury, somewhat lower doses ean 
effectively delay fungal growth and spoilage. Simi- 
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ONE CONSTANT IN THE FOOD PROCESSING EQUATION: 


MORTON ‘999’ SALT = UNVARYING QUALITY 


Quality-conscious food processors, canners and packers from 
coast to coast are using Morton ‘999’ Salt because it is the one 
ingredient you can always depend on for unvarying high quality. 
In fact, its constant quality has become the standard of the food 
industry. With Morton ‘999’ Salt you insure a cleaner, more uniform 
flavor in all your processed foods. 

Morton ‘999’ is an economical premium-grade salt entirely free 
from bitter calcium and magnesium compounds that can distort 
flavor and downgrade product. It is always 99.9% clean pure sodium 
chloride, exceptionally low in the trace metals copper and iron. 

Morton ‘999’ is available everywhere—accept no substitute. 
Morton ‘999’ is the highest purity salt commercially available 
everywhere in the United States. Its quality never varies from 
shipment to shipment, whether you buy it in bulk for direct salting, 
or in tablets made to your own specifications—either straight 
or blended with other flavoring agents. Send for complete infor- 
mation today! 


Please send me more information on Morton ‘999’ Salt 


Name__ 
Company___ 
Address__ 


City. 


INDUSTRIAL DIVISION 
Dept. FT-2, 110 N. ‘Wacker Drive, Chicago 6, I/I 
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DOLCOSEAL ONION AND GARLIC are spray-dried products 
made from pure, natural oil, of a quality available only from D&O. 
Equal in flavor strength to dehydrated onion and garlic, their sta- 
bility and storage life far exceed that of the former. They are 
instantly soluble in water, yielding a crystal clear solution and non- 
hygroscopic (will not cake in storage or ball up in a slurry.) The 
flavor and aroma are that of natural onion and garlic, and are in- 
stantly available, requiring no time for leaching out. In most appli- 
cations, starting recommendations call for the use of one pound of 
DOLCOSEAL ONION or GARLIC to replace one pound of dehy- 
; drated material. Write today, or contact your D&O representative 
Essentially for You for trial quantities! 
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RADIATION IN THE CONTROL OF DECAY IN FRUIT 95 


larly, radiation together with refrigeration, which can 
delay radiation injury, as well as retard decay, may 
combine to prolong the shelf life of fruit (2). Re- 
cently Nelson et al. (5) studied the influence of beta 
radiation (electron source) on the appearance of 
Tokay and Thompson seedless grapes and strawber- 
ries held at 3-4° C. 

The organisms and fruits investigated differ in 
their reactions to gamma radiation Therefore, the 
results are dependent on the combined influence of the 
suscept-parasite sensitivities. The approaches fol- 
lowed in this study were: (a) effect of radiation on 
the fungus alone, (b) exploration of some factors re- 
sponsible for survival of the organisms in association 
with the living suscept, (ec) use of refrigeration as an 
adjunct to radiation and (d) effect of radiation on 
texture and color of the fruit at various doses. A 
preliminary report of these investigations has been 
made (1). 


MATERIALS AND METHODS 


The methods used to prepare conidia of Penicillium expan 
sum (Lk.) Thom, and Botrytis cinerea Pers. ex Fr., and to 
determine their response to radiation were the same as those 
described for Penicillium digitatum Sace. (2). Since both 
Tochinai’s and Czapek’s media were found to yield nearly 
100% germination of unirradiated spores, comparisons were 
made of the influence of these media on total germination fol- 
lowing irradiation. 

Twelve strawberries in perforated polyethylene bags were 
included in each of 16 sealed cans to receive a selected dose. 
Since a high percentage of strawberries available on the Chi- 
cago market are always contaminated with B. cinerea and 
Rhizopus stolonifer (Ehr. ex Fr.) Vuillemin, artificial inocula 
tions were unnecessary. After irradiation, equal numbers of 
these strawberries were held at 75° F for 3 days or at 41° F for 
10 days. In another experiment, samples were held ‘at 75° F 
for 2 days, then placed in the refrigerator (41° F) for 4 days, 
returned to a temperature of 75° F, and observed immediately 
and twice daily for an additional 2 days. Controls for each 
experiment consisted of unirradiated, identically prepared ma- 
terial. Tissue was examined microscopically to determine pres- 
ence of mycelium in berries which had not shown visible signs 
of an infection. Records were also made of any changes in 
appearance of the berries as a result of radiation. 

In order to insure a high incidenee of gray mold, disease- 
free Tokay grapes were inoculated by dipping into a dense 
suspension of B. cinerea spores. After a 24-hr ineubation 
period in a humidity chamber, small bunches of the inoculated 
grapes (about 20 grapes) were placed in perforated polyethy 
lene bags in No 2 cans. Eight sealed cans of inoculated grapes 
received each selected dose. Records were made when inoculated 
unirradiated controls showed infection (within 4 days at 75° F) 
and periodically for an additional 6 days. In all trials, repli- 
eates of the unirradiated inoculated controls were infected. 

Selected Jonathan apples, which had been in storage at 
35° F, were surface disinfested with 1-1000 HgCl. and rinsed 
several times in tap water. Approximately 15 punctures were 
made at the calyx end and on one cheek of each apple to pro- 
vide infection courts. Inoeulations were made by dipping 
punctured fruit into a conidial suspension for 15 seconds. 
Counts of viable spores in the inoculating medium averaged 
40,000 spores/ml. Controls were similarly prepared and either 
inoculated with the fungus or dipped into sterile distilled water. 
Following inoculation,the apples were held in humidity cham- 
bers at 75° F for either 1 day or 4 days, prior to irradiation. 
All apples, regardless of the incubation period, were irradiated 
at the same time. Two apples were packed in a perforated 


polyethylene bag and placed in a No 2 can. Eight apples of 
each designated incubation period were irradiated at a selected 
dose at each trial. All inoeulated unirradiated control samples 


produced a uniform infection when ineubated at 75° F. In- 
fections were scored on the extent of development of the rotted 
areas surrounding points of inoculation. All apples were scored 
6 and 10 days following irradiation when control samples 
showed maximum rot as defined by the infection rating. The 
infection rating used is as follows: 
Rating Description 
0 No rot around point of puncture. 
| Rotted area discrete, slow in enlarging, no coalescence 
of spots, no sporulation on surface. 
2 Rotted spot enlarging, little or no coalescence of spots, 
no sporulation on surface. 
3 Less than 4 of apple rotted, spots beginning to coalesce, 
sporulation sparse to just beginning on surface. 
4 % to % of apple rotted, rotted spots coalesced, sporula- 
tion on surface. 
% to % of apple rotted, spots coalesced and enlarged, 
profuse sporulation on surface. 


Gamma radiation was provided from fission products in 
spent fuel elements and arranged in the High Level Gamma 
Irradiation Facility at the Argonne National Laboratory, 
Lemont, Illinois. Doses given in rep (to convert rep to rads, 
multiply rep by 91.28%) are approximate within 10%. 

Selected doses for the different fruits in individual No. 
cans were replicated a total of at least 8 times in 2 separate 
trials. Following irradiation, the lids of the cans were cut off 
and replaced loosely to permit ventilation. Examinations were 
made daily to trace the development of rot and any changes in 
the general appearance of the fruit. 


RESULTS 


Studies on spores. The radio-sensitivity of spores differed in 
the two media. Tochinai’s medium provided protection aud 
resulted in a higher percentage of germination of the conidia 
than Czapek’s medium over the range of doses tested from 
50,000-250,000 rep. Under the conditions of the experiment a 
dose between 300,000 and 500,000 rep would be required to pre- 
vent germination of P. expansum conidia in either medium 
(Figure 1). From earlier studies (3) doses of from 500,000 to 
1,000,000 rep prevented germination of R. stolonifer spores. 

Previous experiments indicated that there was protection, 
recovery, and an increase in germination from prolonging the 
period irradiated spores were kept in a suspending medium 
before they were plated out. To test this observation, conidia 
of B. cinerea were suspended in distilled water and in Tochi- 
nai’s and Czapek’s media and kept at 38° F for 1, 2, and 6 
days after irradiation (Table 1). The procedure to determine 
the percentage germination after a 20-hour incubation at room 
temperature was the same as for Penicillium digitatum (2). 

Rate of recovery and protection afforded conidia from the 
suspending medium were not consistently better in Czapek’s 
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Figure 1. Germination of gamma-irradiated conidia of Peni- 
cillium expansum in Tochinai’s and Czapek’s media. 
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solution than in distilled water alone. However, rate of re irradiation were noted after 2 days at 75° F, and at 300,000 


covery was higher in Tochinai’s medium than in either distilled rep only after an additional 4 days at 41° F. Injury to the 
water or Czapek’s medium. Henee germination of irradiated fruit after irradiation occurred in the following order: soften 
conidia may be dependent on faetors such as the type of media ing, leaking, and finally bleaching of color. These symptoms 
as well as the length of time spores are held after irradiation appeared sooner and more intensely in proportion to the 
before they are plated out. A dose of from 500,000 to 1,000,000 irradiation dose, Additional periods of storage following re 


frigeration (41° F) showed that the mycelium was present and 
still viable, since rot developed at 100,000 rep and finally at 
200,000 rep (Table 2). With strawberries, apparently a deli- 
cate balance exists between those doses causing visible injury 
and those required to retard the development of the pathogen 


rep was required to prevent germination of B. cinerea conidia 
in Tochinai’s medium for 1 day following irradiation; where 
as, to prevent germination for 2 to 6 days after irradiation, 
treatment with 1,000,000 to 2,000,000 rep was neeessary. 


Studies with fruit for a prolonged period of time. 
(1) Effect of gamma radiation and length of refrigeration 2) Effect of gamma radiation and storage time on de- 
on aray mold and Rhizopus rot of strawberries. Within the velopment of gray mold rot of grapes. As duberinined visually 


range of doses tested, i.e., 100,000 to 300,000 rep, there was an 
appreciable reduetion in deeay resulting from both R. stolonifer 
and B. cinerea after 3 days’ storage at 75° F (Figure 2) or 
after 10 days’ storage at 41° F (Figure 3). The variability in 
the initial coneentration of inoculum of B. cinerea and R. 
stolonifer in these berries before irradiation made a direet com 
parison impossible of the relative survival of these fungi. Fol- 
lowing 2 days’ storage at 75° F and an additional 4 days at 
41° F, no rot had developed at any of the doses tested, while 
the unirradiated controls were almost completely rotted (Table 

2). At 1,000,000, 750,000, and 500,000 rep, adverse effeets of 80: 


Rhizopus rot 


QW 


TABLE 1 Gray mold 


Per cent germination’ of Botrytis cinerea conidia in different z 
suspending media at three intervals following irradiation at ©o 60: 
e 
various levels 7) | 
Days after | Suspending medium Zz 
irradiation Dose (rep)? 
at 3a° F Tochinai Czapek | Water z 
1 0 (control) 100 100 100 4 40 
100 100 100 
a 
6 100 100 100 | 
i 100,000 100 100 87.3 
~ 100 | 76.5 
6 100 100 100 
1 175,000 100 47.8 58 
2 100 100 69.8 
6 100 100 | 100 20 
1 300,000 100 18.3 33 Y 
2 100 69.3 63.4 Z 
6 100 77.6 79.8 Y 
1 500,000 72.0 3.1 1.6 
Yj 
2 84.3 2.6 13.5 Y, 
6 82.8 71.6 46.3 
50 5 0 1.0 1.51.752.0 3.0 
i 2,000,000 0 0 0 DOSE (X10° REP) 


1 Average percentage germination of 300 spores in each of 3 repli Figure 2. Average percentage of irradiated strawberries in- 
cates fected by Botrytis cinerea (gray mold) and Rhizopus stolonifer 
?To convert rep to rad, multiply rep by 91.28% (Rhizopus rot) after 3 days at 75° F. 


TABLE 2 


Effect of irradiation at various dose levels on the appearance of strawberries and the per cent infected’ fruit following alternate 
storage at 75° F and 41° F 


Storage temperature and time intervals after irradiation 


ont 4 days at 1 day at 1 day at 
75 nfectec 4° F Infected 75°F Infected 75°F Infected 
” (eontrol) | Surface mold; rotted AA Surface mold: rotted 100 Surface mold; rotted, 100 | Surface mold; rotted, 100 
soft soft soft soft 
- 190,000 Firm, color good 0.0 Firm, no color 0.0 Surface mold, soft 77 Surface mold; soft 100 
change from rot 
200,000 Firm, color good 0.0 Firm, no color 0.0 Firm, no color 0.0 | Surface mold; soft 84 
change change from rot 
100,000 Firm, no color 0.0 Slightly soft, no 0.0 Very soft, some leak 0.0 Very soft, leaking, | 0.0 
change color change ing, color bleached some color bleached | 
500,000 Very slightly soft, 0.0 Very soft, leaking, 0.0 Very soft, leaking, oo | Very soft, leaking, 0.0 
no color change color bleached color bleached color bleached 
2 750,000 Soft leaking, no color 0.0 Very soft, leaking. 0.0 Very soft, leaking. 0.0 Very soft, leaking, 0.0 
change color bleached color bleached color bleached 
1,000,000 | Very soft; leaking 0.0 Very soft, leaking 0.0 Very soft, color 0.0 Very soft, color 0.0 
no color change color bleached bleached bleached 


' Infections due to Rhizopus stolonifer and Botrytis cinerea 


4 
| 
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TABLE 3 


Effect of irradiation at various dose levels on the appearance of inoculated grapes and the per cent infected’ fruit following several 
storage periods at 75° F 


4 days 


8 days 10 days 


| 
| 


Appearance Setooted Appearance Infected Appearance Infected 


0 (control) Color bleached from rotted 100 As after 4 days 100 As after 4 days 100 
areas, grapes soft, sur 
face mold 
50,000 Color bleached from rotted 100 As control 100 As control 100 
grapes, some areas soft 
100,000 Color good on most grapes, 66 As control 100 As control 100 
rot started 
200,000 Color good, grapes firm 0.0 Color good on most grapes, 54 As control 100 
rot started, some grapes 
| soft 
300,000 Color good, grapes firm 0.0 Color good, grapes firm, 20 Color good on most grapes 57 
rot started surface mold 
500,000 Color good, grapes firm 0.0 No odor, grapes firm, 0.0 Color good, no odor, 0.0 
color good grapes firm 
1,000,000 Color good. grapes firm 0.0 Color good, off-odor 0.0 Color good, off-odor 0.0 
grapes firm grapes firm 


' Infections due to Botrytis cinerea 


no color changes were apparent at any of the doses selected for 100,000 rep, there was significant reduction in the development 
the experiment (Table 3). Similarly, the grapes retained their of rot after 6 days’ storage at 75° F for those apples inocu- 
firmness and, with the exception of a fermented off-odor of lated one day prior to irradiation (Table 4). However, after 
those grapes receiving 1,000,000 rep, no other detectable 

changes occurred in the fresh product over the range of the 

doses tested. At 1,000,000 and 500,000 rep, no rot developed in TABLE 4 

any of the replicates for a period of 10 days at 75° F, while 
unirradiated controls were completely rotted within 4 days. 
Within the range of doses tested between 50,000 and 300,000 
rep, the first appearance and total amount of decay from 


Average infection ratings of whole apples inoculated with 
Penicillium expansum, incubated for 1 or 4 days prior to irradia- 
tion with various doses, and then held up to 10 days at 75° F 


B. cinerea were inversely proportional to the dose. Incubation period prior to irradiation 
(3) Influence of radiation and storage time on development ~_— 
Approx 1 day incubation 4 days incubation 
of injury and blue mold rot of apples. At a dose of at least dose (rep) | 
After After After After 


| Initial | Gays |10 days| [mitial 6 days |10 days 


0 0 0 0 0 


100 -— non-inoculated 
control) 


| 0 0 


(inoculated 
control) 


| 50,000 4.3 0 4.6 5.0 

| 100,000 2.2 4.7 

} 200,000 1.3 2.2 0 3.2 

80> 300,000 1.0 1.5 2.f 2.6 
500,000 1.0 1.2 2.1 2.3 

1,000,000 1.3 1.9 2.0 

Rhizopus rot Least significant ca 1.9 1.6 1.8 


Gray mold difference @ 19:1 


60: ° 1) days’ storage at 75° F, the minimal dose required to signifi 
cantly reduce the advancement of infection was 200,000 rep. 
A 4-day ineubation period required a minimal dose of 100,000 
rep to show significant decay reduction at the 6-day seoring; a 
minimum of 200,000 rep, and more significantly a dose of 
300,000 rep, showed decay reduction at the 10-day seoring. At 


PERCENT INFECTION 


50,000 rep, there was no delay in rotting of apples regardless 


of the incubation period prior to irradiation. Apparently, a 


minimal dose to retard blue mold on apples is the same whether 


an ineubation period of 1 day or 4 days precedes irradiation. 


Whole apples were injured by gamma radiation at doses of 
300,000, 500,000, and 1,000,000 rep. Injury was in the form 
of skin and flesh browning and softening in proportion to the 
dose. No adverse effects were visible following doses of either 
100,000 or 200,000 rep when apples were held 10 days at 75° F. 


DISCUSSION 


1.0 1.51.752.0 3.0 
DOSE (X10° REP) 


went OF ace “et 468 


It is difficult, on the basis of our knowledge of the 
mechanism of the effect of radiation on suscept and 
pathogen cell constituents, to give an explanation for 

Figure 3. Average percentage of irradiated strawberries in- » in rate > axrneri 
fected by Botrytis (gray meld) and stdlentfer the delay in rotting of fruit as observed in our experi- 
(Rhizopus rot) after 10 days at 41° F. 


ments. The delay in rotting of the fruits as a result 
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of radiation in a non-sterilizing range of doses may 
be the result of (a) a partial inactivation and/or 
recovery of the pathogen, (b) a lengthening of the 
latent period of infection, or (c) changes in the sus- 
cept’s resistance to infection. Those doses which are 
high enough to eradicate the fungus also produce 
irreversible injury. While the action of radiation has 
been likened to that exhibited by a fungistat (5), the 
term ‘‘fungistat’’ is generally restricted to chemicals 
which can arrest development of fungi while in con- 
tinuous contact. 

The recovery of the pathogen from irradiation in 
the suscept and on culture media is dependent on the 
time after irradiation and on the nature of the sub- 
strate. A metabolite which may be responsible for 
post-irradiation recovery has not been demonstrated 
However, some components of proteinaceous materials 
can afford protection and stimulate recovery of bac- 
teria (4, 7). Sulfhydryl compounds, such as eys- 
teine, for example, may compete with or replace 
sulfhydryl groups of certain enzymes which are sensi- 
tive to gamma radiation (4). A fungal agent of decay 
in association with the substrate in the form of suscept 
tissue or a complex organic culture medium may be 
protected by this reaction. 

Lower doses of radiation are needed to retard young 
infections of apple (Table 4) after a 1-day incubation 
than to retard infection after a 4-day incubation. 
P. expansum may be more susceptible to radiation in 
its early than its later stage of growth. Sherman and 
Albus (6) demonstrated that during the lag growth 
phase of Escherichia coli, cells are more susceptible to 
both chemical and physical changes of environment 
than cells from the later portion of the logarithmic 
and stationary growth phases. This sensitivity in 
‘‘physiologie youth’’ has also been shown in our 


radiation work with Penicdlium digitatum mycelium 
(2). 

The use of radiation for fresh produce pasteuriza- 
tion remains an experimental tool, for it has not yet 
proved its safe, practical, or economical worth. How- 
ever, it does merit attention in a study of pathogen 
radio-sensitivity and threshold levels of host injury. 
Finally, radiation offers an approach to understand- 
ing common physiological diseases, since it can often 
induce nearly the same disorders and types of symp- 
toms expressed after produce has been aged, frozen, 
dried, or overheated. 
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Oxygen- Scavenging Packet for 
In-Package Deoxygenation 


(Manuscript received August 18, 1960) 


SUMMARY 


An oxygen-seavenging packet for in-package oxygen re- 
moval has been developed for use with dehydrated foods. Shape 
of packet, shape of container, packet location, and particle size 
(for solid particles) are shown not to affect rate or complete- 
of oxygen removal. Spray-dried products more 
time to deoxygenate than foam or drum-dried products since 
entrapped oxygen must diffuse through the hollow sphere wall. 
The stoichiometric relationships, and implications of OryBan 
as a substitute for vacuum and gas packing are discussed. 


ness require 


‘Tm ABILITY of glucose oxidase, in 
combination with catalase, to remove free oxygen from 
a closed vessel was recognized over 50 years ago (9). 
Progress since then has been directed primarily to 
oxygen removal by direct incorporation of the enzyme 
system into the aqueous substrate (or food), resulting 
in recent years in the successful application of this 
enzyme system to oxygen removal from mayonnaise 

3), canned soft drinks (2, 4, 5), flavor concentrates 
(16), beer (11), and aqueous vitamin preparations, 
among others. 

The trend over the decades away from ‘‘salt pork 
and hardtack’’ as dietary staples of the semiperishable 
type has resulted in a tremendous variety of de- 
hydrated products. These products when freshly 
prepared and immediately reconstituted, are often 
equivalent to good-quality nondehydrated products. 

Although dehydration has brought about extended 
shelf-life expectations, it has also brought problems, 
many of which are directly traceable to the deterio- 
rative effects of oxygen. 

The inadequacy of present commercial methods for 
vacuum packing, and gas packing, ineluding double 
flushing, to economically reduce residual oxygen be- 
low 2% has led to an acceptance of that level, but, to 
overcome the remaining difficulties, the virtually com- 
That 
can be dried ‘‘too dry’’ has recently been emphasized 
(7, 12, 13). Earlier, the Western Regional Laboratory 
group reported that in many eases the lower moistures 
brought about in-package actually 
favor oxygen uptake by the produet. Sweet potatoes 
turned rancid and lost color much faster at 3.2% 
moisture than at 7.4% (8). Clearly higher moistures 
are often indicated and, in the complete absence of 
oxygen, would be expected to result in products of 
improved solubility, of reconstitution, better 
appearance, and better palatability. 

Because the oxidase-catalase 
completely remove oxygen from a closed vessel, it was 


plete removal of moisture is attempted. foods 


by desiccation 


ease 


glucose system can 
logical to base an oxygen scavenger on this system and 
such a seavenger was developed (17). Although it 

* Presented May 16, 1960, at the Institute of Food Tech 
nologists Twentieth Annual Meeting, San Franciseo, California. 
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was operative in the laboratory, this packet was too 
slow, too fragile, and too costly to be of commercial 
value. Indeed, it was commercially inoperative. 

The present work was directed toward the perfec- 
tion of an oxygen-scavenging composition that would 
be simple and economical to use, rapidly effective and, 
though not intended for human consumption, harm- 
less if inadvertently consumed. 

The enzyme catalyzes the 
actions : 


system following re- 


glucose 
glucose + O. + gluconie acid + 
oxidase 
catalase 
H» Vy Oo + 
The net reaction is, therefore: 


glucose oxidase 


glucose + 14 Oz gluconie acid 


catalase 

This same enzyme system has been used to remove 
glucose to prevent Maillard reaction (1, 6, 15). 

A study of the reactions indicates some of the 
problems involved in developing an oxygen-seaveng- 
ing material; thus, 
volved, surface area of the scavenger material avail- 
able for the reaction is important; (b) moisture is 
required for the reaction to proceed; (¢) a means of 
neutralizing the gluconic acid formed must be pro- 
vided to avoid inactivation of the enzyme by the 
product of its reaction, which is a highly dissociated 


(a) since a gas phase is in- 


acid; (d) the enzyme system, being costly, must be 
used in minimal amounts, and (e) a barrier that will 
not significantly interfere with access to oxygen yet 
retard loss of moisture from the system must be pro- 
vided where hygroscopic materials are to be protected. 


METHODS 
Oxygen uptakes were determined by 4 devices: 
1. Flip-vacuum.” When the scavenger material was sealed 


into a ean, the vacuum resulting from the uptake of oxygen 
could be followed vacuum to 
the lid to flip out. This flip is visible through the methaery- 
late parts (Figure 1) and is accompanied by an audible elick. 
By determining the amount of vacuum needed for flipping the 
lid at the time of sealing from 
quent readings, the puncture vacuum could be ascertained in a 
non-destructive fashion. The white circle on the device just 
the gauge is an bleed In the 
placed over the can so the rim comes in contact with the soft 
rubber gasket, the finger placed over the hole and the vacuum 
for flipping read. If vacuum is applied the gauge 
needle will be to halt momentarily go down 
slightly—at the flip point. Four or more readings on the same 
ean ean be taken in less than 1 min. An empty can read at zero 


by testing the necessary cause 


and subtracting this subse- 


below air hole. device is 


use, 


slowly 


seen and ever 


"Device made in accordance with design supplied by Mr. 


Jack Demsey, of Continental Can Company. 
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| 
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Figure 1. Flip-vacuum Tester. The vacum required to flip 
the lid up is indicative of the vacuum within the can. 


time serves as the thermobarometer. When carbon dioxide muy 
be evolved, a suitable CO, absorbent, such as Asearite, may be 
included in the ean prior to sealing. 


2. A large manometer set-up was suggested to us by Mr. 
Leslie Toof of the Quartermaster Food and Container Institute 
for the Armed Forees. We used these in batteries, as shown in 
Figure 2. Since some slight positive pressure is formed on 


Figure 2. Mercury Manometer Battery for following oxygen 
uptake of OxyBan". 


pushing the stopper in, zero time readings must be taken on all 
flasks. The last flask in the line (far right) is either left empty, 
or contains the liquid phase of the seavenger without enzyme 
to serve as a combined thermobarometer and vapor pressure 
correction flask. 

3. The standard Warburg apparatus was employed for short- 
time studies of 4 hr or less. In these short-time studies it was 
desirable to have close temperature control, as provided by the 
Warburg water bath. Microliter changes in volume can be ae 
curately determined in this way. 

4. The most satisfactory method of oxygen determination 
was through the use of the Henderson-Haldane apparatus, a 
modified Orsat requiring only 8-10 ml of sample, oxygen being 
determined by volume change at constant pressure on passage 
of the gas sample through alkaline pyrogallol. We modified 
the apparatus (Figure 3) to facilitate its use on eanned finely 
powdered items by attaching a Continental Can gas sampling 
device to which we attached a vacuum line and valve, and a 
sintered glass filter (Corning No 3580) to keep particles out 
of the apparatus itself. In use the mereury is raised to the top 
of the burette, and the central stopeock closed. The vacuum 
is then turned on and the ean-puncturing tip shield turned 
down on to the ean top until contact is evident by the rising 
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vacuum on the gauge. At this point the vacuum in the entire 
sampling system is raised to 28-29 inches and the valve on the 
vacuum line is shut. If the vacuum holds at a fixed value in the 
closed-off portion, the system is deemed tight and the puncetur- 
ing tip is turned down until puncturing, as shown on the vacuum 
gauge, takes place. The first sample is then taken into the 
burette, disearded through the stopeock on the left, and a 
second sample for analysis taken. Replicate samples are also 
taken subsequently. 


Figure 3. Modified Henderson-Haldane gas analysis ap- 
paratus. 


EXPERIMENTAL AND RESULTS 


Importance of carrier. In going away from the 
liquid product of the old packet, we are enabled to 
use films of unexpectedly high oxygen transmission 
characteristics. But mere entry into the packet itself 
is not enough. The oxygen must be removed from the 
atmosphere within the packet. A limiting factor in 
this is the surface area within the packet. The im- 
portance of an absorbent carrier to increase this area 
is shown by the data in Table 1, in which fuller’s earth 
was used as the carrier. The scavenger, without cover- 
ing film, was placed in 500-ce Erlenmeyer flasks. 

Importance of moisture. Enzymes require water to 
function. This is particularly true in this case, where 
water is a reactant. Since this moisture could pass out 
of the packet into the product being protected, mois- 
ture in the scavenger must be kept at a minimum. 

To determine the importance of the quantity of 
water used, 2 g of the carrier was mixed with varying 
amounts of water. To each portion was added 0.1 ml 
of sodium phosphate solution, containing glucose, glu- 
cose oxidase, and catalase. These were transferred 
to separate Warburg flasks. 

The uptake, at each moisture level, was directly 


TABLE 1 


Importance of Carrier 


Uptake, cm of mercury 


Aqueous phase | 
4.5 hr 24 hr 
ml grams | 
10 3.9 5.2 
8 | 3.8 6.1 
6 3.0 4.9 
5 1.7 4.5 
2.1 
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Foxboro eliminates the amplifier from 
pH recording and control 


cuts the drift, cuts the cost, cuts the maintenance, too! 


Foxboro pH Dynalog 
Controller for use 
where it is desired to 


mined value. required. 


pH Dynalog 
for use 
where complete record 


—T at a predeter- of pH value is not 


Tuat’s ricHt — the intermediate amplifier is gone from Foxboro’s new 
low-cost system for measuring pH. And gone with it is the wasted panel 
space, the drift, the daily standardization inherent with earlier systems. 


In the new Foxboro system, the signal from the pH electrode goes direct 
to a high impedance Dynalog* receiver — without intermediate amplifica- 
tion. Signal operates a direct-reading indicator or recorder—or a controller 
and alarms, when desired. 


The new Foxboro pH system is the simplest, most economical method of 
measuring pH available today. Ask your Foxboro Field Engineer to tell 
you about it. Or write for Bulletin 19-12. The Foxboro Company, 352 


Norfolk Street, Foxboro, Massachusetts. 
*Reg. U.S. Pat. Off. 
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NYOUR PRODUCT WILL HAVE 
THE TASTE OF FRESH CHERRIES 
WHEN YOU USE A 

ICHERRY FLAVOR BY 


RITTER 


URitter’s Cherry Flavors (black and red) come in 
thiree delicious forms: True-Fruit Cherry WONEX 
“(with or without pit flavor), Cherry ESSENCE, 

and NEOROME Imitation Cherry. Any of the threé 
Will help make your product the most delicious 

On the market. Flavors also made to your bey 
“specification ...any combination from 
‘Sours to Sweet Bings. Write for samples. 


»RITTER & CO. 


RITTER INTERNATIONAL 


4001 Goodwin Avenue 
Los Angeles 39, California 


RANCHES THROUGHOUT THE WORLD. 
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proportional to time for the time interval studied. 
The profound effect of moisture level is shown in 
Figure 4. At about 60% moisture, the uptake appears 
to become independent of moisture level; that is, it 
appears that additional moisture would not appreci- 
ably increase uptake. It would be expected that too 
much water would restrict access of the gas phase; 
hence, this projected leveling is viewed as an optimum. 


6 20MIN 40MIN 
/ 
| 
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Figure 4. Effect of moisture level. 


Effect of catalase. From a study of the reactions 
presented initially it might be expected that the rate 
of oxygen uptake would be doubled by using glucose 
oxidase free of catalase. This would avoid the re- 
eycling of 50% of the oxygen. 

Results (Table 2) show that elimination of catalase 
does not inerease oxygen uptake and that instead the 
accumulating HeO, might tend to slow the over-all 
rate of oxygen uptake. 

Effect of buffer. Because of the formation of a 
highly dissociated acid in the course of oxygen re- 
moval, a buffer is required to keep the pH of the 
scavenger in the range wherein the enzyme retains 
activity. To remove the oxygen from 600 ce of air 
requires stoichiometrically 1.92 g of glucuse and re- 
sults in the formation of over 2 g of gluconiec aeid. 

Early work indicated that concentrated buffers 
inhibit the enzyme system. Yet buffering is needed. 
Scavenging material on carrier was prepared using 
dilutions of buffer 1.0 molar in both phosphate and 
citrate. Eight grams of each was placed in a 500-ml 
Erlenmeyer and attached to mereury manometers. 
Results are given in Table 3. 

Without buffer, the reaction comes to a halt within 
about 20 hr. With buffer the reaction becomes in- 


TABLE 2 


Effect of catalase 


Uptake, em Hg 
jrams scavenger 


present 30 min 60min | 120 min 
0.1 
8.. eee + 0.5 1.5 3.0 
0.5 1.2 2.5 
4 1.5 3.9 6.2 


TABLE 3 
Effect of buffer 


: Oxygen uptake, cm Hg 
Aqueous portion buffer ygen uptake, cm Hg 


molarity 2h 20 hr 44 hi 140 hr 
0 1.¢ 4.9 5.2 5.0 
0.2 ‘ 38.9 10.2 10.7 
9.4 11.2 12.0 
0.6 1 8.8 10. 11.7 
0.8, 0 7.1 ¢ 10,1 
1.0 ) 5.0 7.9 10.6 


creasingly slow as buffer concentration is increased 
but the ultimate capacities are about the same. Thus 
strong buffers slow the reaction but do not alter the 
endpoint. 

Behavior of scavenger material. Large overloads of 
scavenger can remove the oxygen completely in 4 hr 
or less. This is shown by Table 4, in which 500-ce 
flasks were used. 

In other experiments, using high levels of seaven- 
ger, complete oxygen removal has been accomplished 
in less than 2 hr. 


TABLE 4 
of removed 
Grams 
scavenger hr br 1.5 ho 2 hr hr 4 hr 
> 0 1.4 9 14 1¢ 17 
10 rT 16 6 42 47 50 
15 12 26 68 71 
20 15 32 7 
25 17 7 B5 100 
10) 20) 45 04 100 100 


A comparison of the old Scott packet and the new 
one developed herein is shown in Figure 5 for a 500- 
ml old-formula packet and a 15-g OxyBan packet, both 
in No 2 cans. For study over a longer time, scavenger 
packets were sealed in No 2 cans. Residual oxygen 
was determined by Henderson-Haldane Apparatus. 
The decrease in residual oxygen with time is shown in 
Figure 6. 
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Figure 5. Comparison of the old with the new packet. 


Where the reaction is permitted to proceed until 
the scavenger is exhausted, the amount of oxygen 
removed is directly proportional to the amount of 
scavenger used (Figure 7); that is, the oxygen ea- 
pacity per gram is fixed. (This then provides a useful 
tool for reaching predetermined oxygen levels for 
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test work, as well as calculating packet size for actual 
use.) When the free air space (hence, oxygen load) 
is known, the time for attaining a desired residual 
oxygen level may be predicted and the packet sized 
to bring about this removal in the time interval 
stipulated. 

When packets are to be used at temperatures other 
than ambient, those same data have been applicable, 
with a corresponding change in enzyme level only. 


40 6 D 100 120 140 160 


Showing decrease in residual oxygen. 


A 


GRAMS 

Figure 7. Amount of oxygen removed is amount of scavenger 
used. 
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80 no “0 
PACKET SURFACE (CM?) 
Figure 8. Course of oxygen removal from minimum surface 
area te an infinite surface area as represented by scavenger 
without packet. 
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Because of the increased solubility of oxygen at lower 
temperatures, the enzyme level need be increased less 
than would be predicted on the basis of Qio of the 
enzyme. 

Effect of surface area. It would be expected that 
increased packet film area would permit more rapid 
oxygen uptake. Figure 8 delineates the course of 
oxygen removal from minimum surface area for 10 g 
OxyBan (49.2 em*) to an infinite surface area as repre- 
sented by seavenger without packet. The limiting 
factor on decreased surface is the minimum amount 
needed to enclose a given weight of scavenger. Within 
the range of possible surface areas, oxygen uptake is 
not seriously affected by limitations on area for dif- 
fusion of oxygen. This confirms the high permeability 
of the packet material to oxygen. 

An area of less than 82.5 em/10-g packet does im- 
pede initial oxygen removal—oxygen passage being 
limiting. Above that it would appear that the rate of 
uptake of oxygen by the scavenger is the limiting 
factor. The difference noted is important only for 
short-time deoxygenations, since the differences de- 
crease with time to essentially no difference after a 
week. 

Effect of moisture. Since, as previously shown, 
moisture is important to the reaction, tests were con- 
dueted on whole dried milk in 300 x 309 cans with 5 g 
scavenger, with and without a 33-g desiccant packet 
of Dessicite No 25.° (Free air space determined by 
method of Scott & Hammer was 240 ec/can.) Results 
of Orsat are presented in Table 5. 


Residual O, 
No 33-gram 
desiccant 


‘Milk for this experiment was kindly supplied by Dr. Hetrick 
the Dean Milk Company and was shipped to us under nitrogen i 
drums, accounting for the lower initial oxygen values. 


The presence of a desiccant did not alter the rate of 
of oxygen uptake. This is most surprising since the 
specially developed packaging film slows the escape of 
moisture but does not, by any sense of the word, come 
under the heading ‘‘moisture-proof.’’ The effective- 
ness of the film on rate of moisture retention is shown 
in Table 6, where OxyBan was put in a desiccator over 
concentrated HeSQ,. 

Moisture transfer to the product is also a function 
of the hygroscopicity of the product. For example, for 
air packs with scavenger, spray-dried milk (180 g 
in a 300 x 309 can) over 12-month storage period in 
cans, went from 1.85 to 2.17, an increase of less than 
0.6%. Potato granules (1 lb, 10 oz in No 21% cans) 
went from 7.3 to 7.5% moisture. Ice cream mix went 

© Organoleptic evaluation showing that the oxygen scavenger 
was equal or superior to multiple gas flushing in protecting this 
product is reported elsewhere (10). 
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TABLE 6 


Loss of weight (average of 4 determinations 
for each) 


Scavenger, bulk | Scavenger, in packet 
Days % loss %o loas 
23.5 4 
5. 25.7 18.6 


In the vacuum oven at 100° © for 6 hr, the bulk scavenger lost 27% 
by weight. 


from 0.8 to 1.4% moisture without any decrease in 
palatability. This moisture transfer to the product 
may not be objectionable ; in fact, trying to prevent it 
with desiccant could do more harm. 

A just-completed one-year storage study on Redskin 
peanuts by Scofield (14) has shown this scavenger to 
be equal to vacuum packing in flavor retention and 
superior to scavenger plus desiccant, even though 
moisture rose from 0.95% to 1.45% without desiccant. 

Effect of nature of particle. The nature of the par- 
ticle has a major effect on the rate of oxygen uptake. 
Thus, spray-dried products, consisting of hollow 
spheres, can be very slow in deoxygenating because 
these hollow spaces are not vacuums but, rather, con- 
tain the gases dissolved in the fluid prior to drying. 
Since oxygen is more soluble than nitrogen, the com- 
position of this entrapped gas may be much higher 
than 20% in oxygen. Gas entrapped in dried milk 
may run 35-40% oxygen. Uptake is slowed by this 
because the gas must diffuse out through the crusty 
outer shell. 

Both air-dried and drum-dried products have a 
higher density than spray-dried and hence constitute 
less of a problem. But density alone is not the answer. 
Foam-dried milk (19), a product only 1% as dense as 
spray-dried milk, offers little resistance to deoxy- 
genation since all the air chambers are directly con- 
nected to the can atmosphere. A comparison of the 
two is shown in Figure 9. 

Data comparing oxygen removal for an empty can, 
one filled with 230-mesh glass beads," and one filled 


" Microbeads, grade TV, 95% perfect spheres, 230-325 mesh. 
Mierobeads, Ine., Toledo, Ohio. 
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Figure 9. Foam-dried compared to spray-dried milk in terms 

of resistance to deoxygenation. 


Figure 10. A comparison in size of 10-gram OxyBan* packet 
with 10 grams bulk and a fountain pen. 


with foam-dried milk is shown in Table 7. In all 3 
cases, packet size was adjusted so that about 1 g 
scavenger was used per 50 ce air space. Packets were 
placed at one end of the can and gas samples drawn 
from the opposite end. 

Particle shape and size might lower uptake when 
an unstable packet is used. Long life of the scavenger 
itself under use conditions apparently overcomes this. 

Effect of packet location. Placement of the packet 
within the container could be important, if the seaven- 
ger is unstable or if the interference witb diffusion is 


TABLE 7 
Foam-~iried la 
milk Empty can Glass beads 
Free air space, ml (18)....... 500 200 90 
Days | Residual oxygen, percent 
6.0 5.4 
2. | 2.7 3.0 
3. 0.5 0.7 0.7 
0.1 0 0 


pronounced. The results reported in Table 7, showing 
glass beads as fine as flour, failed to slow the rate of 
oxygen removal and indicate packet placement was 
not critical. 

Two experiments were set up, using glass beads, to 
confirm this. In both, excess scavenger was used so 
that if diffusion to the packet was limiting, it would be 
evident. Each product was put into 2 types of cans: 
a bushed-down No 2 can with a space height-width 
ratio of 2: 1 and a flat tuna can of a 1:2 ratio. In the 
tall can the packet was placed at one end; in the flat 
can in the middle. 

In the first, a piece of 2-inch [.D. iron pipe was put 
into a No 2 can and the annular space filled with 
paraffin wax. The central opening was equal in space 
to a flat tuna can, No 1%. Three cans of each type 
were set up. The No 2 cans were almost filled, the 
packets placed in the can, and a thin layer of glass 
beads placed on top. The flat cans were half-filled 
with glass beads, a 3-g packet placed therein and the 
ean filled. All cans were stored at room temperature 
without being moved until analyzed by Henderson- 
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Haldane Apparatus. Results, reported in Table 8, 
represent averages of 3 analyses each. 

Gas samples in the tall cans were drawn from the 
end opposite the one with the packets. 

In the tall can, the maximum distance to the packet 
was 41% inches; in the flat can it was not over 1 inch. 
Nevertheless, with high scavenger level, both were 
deoxygenated at the same rate. 

Since glass beads are impervious, this experiment 
was repeated with potato granules. Initial oxygen was 


TABLE 8 


Air Residual 
space idsy | 3days 


85 


ao 


20.4%. In 3 days the residual oxygen was down to 
0.3% with samples drawn from the end opposite the 
packet for the tall can. 

The conclusion is inescapable; shape and location 
of the packet are not important provided minimum 
surface area is provided and the scavenger is stable. 

Scale up. In many studies, the results are such as 
to apply only to the conditions of the test. To deter- 
mine if that was the case here, we varied can volume, 
surface area of the packet, and net weight of packet 
in proportion. The amount of scavenger used was 
deliberately set so as to allow a small residual oxygen 
and thus truly compare capacities. Residual oxygens 
were followed for several days. Results for the final 
day are reported in Table 9. 


TABLE 9 


Comparison of packet capacity to container size. Packet area: 
packet weight:can volume 


| Og removed/g | 


Wt packet’ | Surface area | Can volume? in 7 dave ® residual O, 


10 2.4 600 ll 
480 il 
6 53 350 11 
4 3 

7 


8 240 11 
7 20 11 


1 Packet placed on glass wool to provide exposure of al) surfaces. 
2No 2 cans used throughout. Can volume reduced to volume stated 
by filling with paraffin to reduce volume 
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sugars, starches and syrups from PRODUC AY » 


COMPANY 
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Vitamin A man 
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Distillation Products Industries, Rochester 3, N. Y. Sales 
offices: New York and Chicago ¢ W. M. Gillies, Inc., West 
Coast ¢ Charles Albert Smith Limited, Montreal and Toronto. 
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REVIEW 


Tue Scrence or Mear anp Meat Propucts. First 
edition. By the American Meat Institute Foundation, 
Chicago, Illinois. W. H. Freeman and Co., San Fran- 
ciseo, Calif. 1960: x, 438 pp. Price $9.60. 

The book was written by 24 members of the research 
staff of the American Meat Institute Foundation—a 
nonprofit research and education institution devoted 
to the interests of the livestock producing and meat 
processing industries. The coverage is extremely 
broad and therefore tends to be general. Part one 
is devoted to the basic science of meat with chapters 
on histology, chemistry, microbiology, nutritive con- 
tent, palatability and methods of analysis. The 
chapter on histology is outstanding in content of in- 
formation and stvle of presentation. The chapter on 
palatability is disappointing in extent of coverage, 
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Our emulsifiers now do more than emulsify. For some years we 
have trumpeted the virtues of Myverol® Distilled Monoglyc- 
erides in fat-based foods. We have shown how they regulate 
cake texture; how they permit peanut butter to spread smoothly 
when cold, keep from sticking to the roof of the mouth, and 
release full peanut flavor; how they cost less per pound of 


What pow concerned emulsifying effect, thanks to the efficiencies of high monoglyc- 
with fat or starch in food ride content. 


should realize Now we add another string to our bow. In starch-based foods, 
Myverol Distilled Monoglycerides have proved their ability to 
produce an entirely different set of effects by complexing dis- 
solved amylose and thus preventing stickiness and pastiness 
after cooking. A very small percentage makes dehydrated 
potato products look and taste like fresh-whipped potato; try 
most any popular brand and see. Hot cereals can be kept from 
turning jellylike after cooking. The stiffness or lack thereof 
in a starch-based pudding or sauce can now be engineered 
precisely. 

Myverol Distilled Monoglycerides are exempt from the Food 
Additives Amendment. They are prepared from the glycerolysis 
of edible fats or oils by a unique method which involves segre- 
gation of fat molecules in the vapor phase. You get technical 
data and prices on them by writing to Distillation Products 
Industries, Rochester 3, N. Y. Sales Offices: New York and 
Chicago * W. M. Gillies, Inc., West Coast * Charles Albert 
Smith Limited, Montreal and Toronto. 


Type 18-00 Type 18-07 Type 18-40 Type 18-85 


Fully Fully Prime Refined 
Source material hydrogenated hydrogenated sleaee fend cottonseed 
lard cottonseed oil oil 


This gives you an idea of what Monoester content (min.) 90.0% 90.0% 90.0% 90.0% 
Myverol Distilled Monoglycerides are like, Saponification value 155-165 155-165 155-165 155-165 
but you really have to try them to find out. lodine value 1 2 54 (approx.) 85 (approx.) 
Glycero! content (max.) 1.0% 1.0% 1.5% 1.0% 


F.F.A. (max.): 1.5% 1.5% 1.5% 1.5% 
as oleic 


Specific gravity 0.96 at75°C 0.94at75°C 0.96 at60°C 0.96 at 60°C 
Congeal point (approx.) 68°C 67°C 47°C 46°C 
Clear point (approx.) 73°C 76°C 60°C 56°C 


Plastic Plastic 
Form Bead Bead homogenized homogenized 
fat fat 


Net shipping weight, Ib. 250 250 400 400 


distillers of monoglycerides be Also .. . vitamin A in bulk 
made from natural fats and oils v7 for foods and pharmaceuticals 


Distillation Products Industries is a division of Eastman Kodak Company 
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although the information presented is sound. The 
chapter on methods of analysis presents the limita- 
tions and problems of each of the methods. Students 
or other beginners in the field of meat chemistry and 
quality control should find it most useful. 

Section two deals with the science of meat process- 
ing. Meat curing is dealt with at length and in con- 
siderable detail, perhaps limiting the discussion of 
refrigeration, freezing and factors influencing quality 
which seemed somewhat incomplete. Irradiation was 
covered thoroughly and rightly so because of the eur- 
rent popular interest in the subject with the accom- 
panying need for realistic evaluation. The chapters 
on sausage products and meat by-products will be 
very informative to those who have not had previous 
experience in the meat industry or closely allied fields. 

It is difficult to assess just what sort of audience 
the book seeks to serve. Many sections can be easily 
understood without previous training whereas others 
cannot. For example, no discussion of anatomy or 
meat cutting is given although frequent reference is 
made to individual muscles by scientific name and to 
various cuts of meat by trade name. 

Despite the unevenness of technical level the book 
is carefully and interestingly written. The informa- 
tion is up to date and the illustrations are particu- 
larly good. The book should find wide acceptance as 
a college textbook and as a reference source to a great 
variety of interests such as food technologists, home 
economists, nutritionists, administrators, executives 
and many more. 


A. W. Brant 


PUBLICATIONS 
BULLETINS 


Official FDA Tolerances, December 1960, National Agricultural 
Chemicals Association News and Pesticide Review, 1145 19th 
Street, N.W., Washington, D. C., free. 

Procedures of Contract Research for Industry, September 1960, 
Publications Office, Battelle Memorial Institute, 505 King 
Avenue, Columbus 1, Ohio, free. 

Ardex 550, Protein Supplement for the Food Industry, Septem- 
ber 1960, Areher-Daniels-Midland Company, 700 Investors 
Building, Minneapolis 2, Minnesota, free. 

Food and Nutrition Research in the Netherlands, 1960, Central 
Institute for Nutrition and Food Researeh TNO, 61, 
Catharijnesingel, Utrecht, the Netherlands, free. 

Technical Papers of the First Pacific Rim Food Conference, 
May 1960, Hawaiian Section, Institute of Food Technolo- 
gists; for copies write Dr. Ralph M. Heinicke, Dole Corpora- 
tion, P.O. Box 3380, Honolulu 1, Hawaii, $2.00 each. 

* 

Statistical Tables on Some Foods of the Pacific Rim, May 1960, 
Hawaiian Section, Institute of Food Technologists; for 
copies write Dr. Willis A. Gortner, Pineapple Research In- 
stitute, P.O. Box 3166, Honolulu 1, Hawaii, $1.00 each. 

Food for Space Travel—‘‘ An Examination of Current Capa 
bilities and Future Needs,’’ July 1960, Albert A. Taylor, 
Beatrice Finkelstein, and Robert E. Hays, Air Research and 
Development Command, Andrews Air Foree Base, Armed 
Services Technical Information Ageney, Arlington Hall Sta- 
tion, Arlington 12, Virginia, free. 
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BOOKS 


The Science of Meat and Meat Products, American Meat Insti- 
tute Foundation, W. H. Freeman and Company, 660 Market 
Street, San Francisco and London, $8.00 Text Ed., $9.60 
Trade Ed. 

* * 

Fats and Oils, An Outline of Their Chemistry and Technology, 
H. G. Kirsehenbauer, Reinhold Publishing Company, 430 
Park Avenue, New York 22, N. Y., $7.00. 

* 

Principles of Dairy Chemistry, Robert Jenness and Stuart Pat 
ton, John Wiley & Sons, Inc., 440 Fourth Avenue, New York 
16, N. Y., $8.75. 

* * * 

Bakery Technology and Engineering. Edited by Samuel A. 
Matz, The Avi Publishing Company, Inc., P.O. Box 388, 
Westport, Conn., $15.00, foreign $16.00. 

Texture in Foods, 8.C.1. Monograph No. 7, Society of Chemical 
Industry, 14 Belgrave Square, London, 8.W. 1, and The 
Maemillan Co., 60 Fifth Avenue, New York 11, N. Y., $5.00. 

* * 

Dictionary of Nutrition and Food Technology, Arnold E, Ben- 
der, Acadamie Press, Inc., 111 Fifth Avenue, New York 3, 
N. Y., $5.80. 


FUTURE MEETINGS FOR 
FOOD TECHNOLOGISTS 


1961 
February 28 Ninth Annual National Dairy Engineering 
—March 1 Conference (co-sponsored by the Department 


of Agricultural Engineering and the Depart- 
ment of Food Science, Michigan State Uni- 
versity, and the National Association of Dairy 
Equipment Manufacturers) Michigan State 
University, East Lansing 

March 20-23 Fifteenth National Conference on Handling 
Perishable Agricultural Commodities, Horti- 
culture Dept., Purdue University, Lafayette, 
Indiana 


March 28 Seventeenth Annual Quality Control Clinic, 
Rochester Society for Quality Control, Uni 
versity of Rochester, Rochester, New York 

April 4-6 Fifteenth Annual Meeting of the Research 
and Development Associates, Food and Con- 
tainer Institute, Hotel John Marshall, Rich 
mond, Virginia 

April 11-12 Food Engineering Conference, Michigan State 
University, East Lansing, Michigan. (For in- 
formation write to Continuing Edueation 
Service, Michigan State’ University, East 
Lansing) 

May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 
York, New York 


May 15-18 Fourth International Congress on Canned 
Foods, Berlin, Germany (for information ad 
dress M. Henri Cheftel, 71, Avenue Edouard 
Vaillant, Billancourt (Seine), France. 


1962 
June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 


1963 
May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An open invitation is extended to readers of Foop TzcHNOLOGY to 
send in to the Editorial Office, P. O. Box 164, Davis, California, notices 
of annual or national meetings of interest to food technologists. 
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EQUIPMENT 


A simplified rapid particle size 
determination with a high degree 
of reproducibility is now available 
with the development of the new 
Model ‘‘C’’ Coulter Counter ae- 
cording to the manufacturer, 
Coulter Electronics, Chicago, Illi- 
nois. This new electronic equip- 
ment is said to provide versatile 
information making particle size 
distribution analysis more useful 
for more applications. Featuring 
either multiple channel readout, 
printout or mass percent graphout 
automatically, the Model ‘‘C’’ is 
said to produce complete particle 
size distribution data in seconds. 
Additional advantages announced 
are less data reduction ; rapid plot- 
ting of distribution curves; and 
particle size changes in relation to 
time for ready study over the full 
size range. Magnified narrow size 
range data are also obtainable for 
detailed studies. For complete in- 
formation and _ price schedules 
write Coulter Electronies, 2525 
North Sheffield Avenue, Chicago 
14, Illinois. 


Ohaus Seale Corporation an- 
nounces the availability of four 
new Moisture Determination Bal- 
ances. These models permit the 
testing of samples up to 100 grams 
and, according to the manufac- 
turer, make it possible to determine 
the moisture content of materials 
where a larger sample size is de- 
sirable or where accuracies of plus 
or minus .01% are required. Both 
percentage moisture and weight of 
sample remaining can be read di- 
rectly and continuously through- 
out the drying cycle. Complete 
specifications are available from 
Ohaus Seale Corporation, 1050 
Commerce Avenue, Union, New 


Jersey. 


Meeco Instruments has _intro- 
duced a line of accessories for the 
Colormaster Differential Colorime- 
ter. Accessories include a yarn 
winder ; a rotating accessory where 
sample orientation affects color 
reading; rotating accessory sam- 
ple holders; small aperture open- 


ing; wet sample holder; transmis- 
sion cell; transmission dish; 10X 
multiplier; sample positioner ; 
standard tiles; metameric filters; 
transmission filters and Colormas- 
ter computers. For more details 
write Meeco Instruments, 16 Maple 
Street, Summit, New Jersey. 


Ronningen-Petter Company has 
a new line of Double Duo Fluid 
Filter units, with reducing 3-way 
inlet, outlet, and backwash blow- 
down valves. Each filter has inlet 
and outlet gauges to record pressure 
differential, which may operate to- 
gether or alone, and may be back- 


OUTLET 


2 


QUICK — COUPLINGS 


BACK-WASH 
AND 
BLOW-OFF 


washed and blown down on the run. 
These filters are designed to be 
used for clarification of any fluid 
containing foreign particles in sus- 
pension. Rated 5 to 150 GPM—10 
to 700 mesh (30 microns)—pres- 
sures to 200 PSI—temperatures to 
200° F—available in bronze; steel ; 
monel metal ; or aluminum—priced 
from $300 to $1300—availability 
for any construction—4 weeks. 
Bulletins, drawings, and engineer- 
ing data furnished on request by 
Ronningen-Petter Company, 6870 
East YZ Avenue, Vicksburg, 
Michigan. 


essential 
to quality 


Whatever the key to your product 
success — distinctive flavor, texture, 
purity, etc.— precise pH control 

is essential to quality. You can rely 
on Beckman pH equipment to 
enhance your product reputation 
and to increase your consumer 
acceptance. For 25 years, leading 
food processors have specified 
Beckman because its complete line 
of laboratory and industrial 
meters, electrodes, and accessories 
is the most accurate, dependable, 
and versatile pH equipment 
obtainable at the lowest cost. For 
details on Beckman laboratory pH 
products, see your laboratory 
apparatus dealer; for additional 
information about continuous 
process pH instrumentation, consult 
your Beckman Sales Engineer. 

Or, write for Data File 84-2-01. 


Scientific and Process | Instruments Division 
Beckman Instruments, Inc 


Fullerton, California 
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EMULSIFYING AGENTS 


ETHYLENE OXIDE ADDUCTS 


GLYCOMUL® 
(Sorbitan Fatty Acid Esters 


GLYCOSPERSE® 
Polyoxyethylene Sorbitan Esters 


GLYCOL AND POLYGLYCOL ESTERS 


ALDO® 
Glycery! and Propylene Glycol Esters 


ACRAWAX® C 


Synthetic Wax with Melting Point of 140°-143°C. (284°-290°F.) 


HYDANTOIN DERIVATIVES 


DIMETHYL HYDANTOIN (DMH) 
Chemica! Intermediate 


DIMETHYL HYDANTOIN FORMALDEHYDE RESIN (DMHF) 
Water and Alcohol-Soluble Film Former 


MONOMETHYLOL DIMETHYL HYDANTOIN (MDMH) 
Odorless Formaldehyde Donor 


DIBROMO DIMETHYL HYDANTOIN 
Mild Brominating Agent 


SEQUESTERING AGENTS 


THE TETRINES® 
(EDTA and its Salts) 


GLYCO CHEMICALS 


DIVISION OF CHAS. LL. HUISKING & CO., INC, 
417 Fifth Ave., New York 16, N.Y. * Telephone: ORegon 9-8400 


| Gheo Chemicals Announces 
‘WEST COAST DISTRIBUTOR 


QUAD CHEMICAL CORPORATION 


2472 Hunter Street, Los Angeles 21, Cal. + Telephone: MAdison 7-0555 


IN MEMORIAM 


Beverly Thurston Branham, 
Chief Food Technologist of Old 
Virginia Packing Company, died 
October 28, 1960 at the age of 63. 
Mr. Branham, who lived at Lime- 
ton, Va., had been employed by 
Old Virginia Packing Company, 
Front Royal, Virginia for many 
years. Mr. Branham was a member 
of the Maryland Section and be- 
came a charter member of the 
Washington Section. He is survived 
by his wife, Mrs. Pollie Wescott 
Branham. 


EXPANSION NEWS 


Pi-Pak Manufacturing Corpora- 
tion recently acquired the Pie-Pak 
Company, Ine., makers of pie pack- 
aging cartons and baked goods 
containers. The new corporation 
is expanding production facilities 
to inelude packaging items in the 
baking and other food industries. 
The plant is now located at 505 
Washington Avenue, Carl-Stadt, 
New Jersey. 


PERSONNEL 


Maine sardine canners honored 
their retiring Research Director 
Dr. Berton S. Clark of Oak Park, 
Illinois, with a luncheon and the 
presentation of an engraved plaque 
at Bangor recently. Dr. Clark, past 
president and charter professional 
member of the IFT, and a distin- 
guished scientist, had served the 
sardine industry for six years, and 
has now accepted an assignment as 
food eanning consultant to the 
Food and Agriculture Organization 
of the United Nations. During his 
work with the sardine industry he 
helped establish a mandatory Maine 
sardine grading and quality control 
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Quick color stability test devised by Nationa! Aniline detects 
unstable color overnight. National FD&C Yellow #6 (right) re- 


mains in solution indefinitely. Other (left) precipitates in six 


hours. To make this test yourself, write for our simple procedure. 


Improved stability where stability matters most! 


NATIONAL“ 
CERTIFIED 


Developed to meet the critical needs of 
soft drink makers, National FD&C Yel- 
low #6 exhibits the highest degree of 
compatibility with other ingredients in 
orange-beverage concentrates. 


This is important not only to soft-drink 
makers but to all users of food colors 
because it demonstrates once again our 
close familiarity with your problems. In 
helping to solve them, we make available 


NATIONAL ANILINE DIVISION 


40 RECTOR STREET, NEW YORK 6, N.Y 


to you thoroughly experienced technicians 
and completely equipped laboratories de- 
voted to the increasingly exacting science 
of food-color application. 


Whether you need help in formulating 
shades or have a more complex problem, 
we will gladly work with you. Since this 
outstanding technical service costs you no 
more, it always pays to call National 
Aniline first! 


F oO oO D Atlente Boston (Chorlette Chicego Dallas Greensboro 
Los Angeles Philadelphia Portiand, Ore Providence Son Francisco 
In Coneda: ALLIED CHEMICAL CAWADA, LTD 
1450 City Councillors S1., Montreal 2 100 Werth Queen St., Toronto 18 
Distributors throughout the world. For information 
ALLIED CHEMICAL INTERNATIONAL + 40 Rector St., New York 6, W. Y. 
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volume and density 
measurements 
in minutes 


The new Beckman Model 930 Air 
Comparison Pycnometer* is a 
revolutionary means of making 
volume measurements for accurate, 
fast density determinations of ir- 
regular, powdered and porous solids. 
® Quick ...volume readings in 

one to five minutes, saving hours 
over conventional methods. 

* Convenient...no liquids, no gas 
pressure determinations, no constant 
temperature baths, no fragile 

flasks or cumbersome apparatus. 

* Accurate...direct digital readout to 


0.1 cc, graduated to hundredths of a cc. 


* Rugged... portable... mechanical, 
requires no electric power. 

For more information about this 
time-saving new technique for making 
true volume, apparent volume, 
porosity, and density determinations, 
contact your Beckman authorized 
laboratory apparatus dealer, 

or write for Data File 84-2-2::. 


* PAT. PENDING 


Beckman 
Scientific and Process | Instruments Division 
Beckman Instruments, Inc 


Fullerton, Catforma 
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program which is a pioneering de- 
velopment in the fish canning busi- 
ness. For this work he was given 
the Nicholas Appert Award in 1959. 
Prior to coming with the sardine 
industry he was Research Director 
for the American Can Company. 
Making the award is George C, 
Seybolt, President. Wm. Under- 
wood Company, Watertown, Mas- 
sachusetts and Chairman, Maine 
Sardine Industry Advisory Board. 
Looking on are, |. to r. Eugene L. 
President. Maine Sardine 
Packers Association: Moses Pike, 
Chairman, Maine Sardine Council 
Research Committee and James 
Brown, Council Chairman. 


American Can Company an- 
nounced several administrative ap- 
pointments and changes recently. 
Dr. Roger H. Lueck, Vice Presi- 
dent, announced appointment of 
Mr. Delmont J. Lohuis as Assistant 
to the Vice President in charge of 
Corporate Research, Machinery De- 
velopment, and New Products. Dr. 
Orval R. Alexander will replace 
him as Director of Research, Canco 
Division, in Barrington, Illinois. 
Mr. Donald W. Riester is General 
Manager of the new Technical 
Service Division, and Donald J. 
Wessel is Manager of the Technical 
Service Division Central Labora- 
tory, both in Maywood, Llinois. 


Mr. D. J. Ridenour, technical 


director of Wm. J. Stange Co.. re- 


ceived the Hall of Fame” award 
from the National Pickle Packers 
during their 1960 annual meeting. 
He received this award for creative 
technical achievements contributed 
to the advancement of the pickle 


industry. Shown in the photograph 
presenting the tray signifying this 
achievement is Mr. L. Evert Lan- 
don, Nalley’s, Inc., Tacoma, Wash- 
ington, who was re-elected National 
Pickle Packers Association Presi- 
dent. 


Dr. W. J. Shannon has recently 
been appointed Vice President in 
charge of Sales and Merchandising 
of the Cudahy Packing Company. 
Dr. Shannon has been associated 
with the packing industry since 
1946, and is a graduate of the Uni- 
versity of Illinois where he received 
his Doctor’s degree. He has also 
done post-graduate work in Food 
Technology at M.I1.T. 


Dr. Norris D. Embree has been 
appointed vice-president in charge 
of technical operations at Distilla- 
tion Products Industries. He has 
been technical director of DPI since 
1957. Dr. Embree is a past president 
of the American Oil Chemists So- 
ciety and a former chairman of the 
Rochester section of the American 
Chemical Society. 


The appointment of P. Goff 
Beach, Jr., as Executive Vice Presi- 
dent of Oscar Mayer & Co. was an- 
nounced recently. Mr. Beach, Vice 
President of Operations since 1953, 
started with Oscar Mayer & Co. 
nearly 25 years ago. His new 
position will entail supervision over 
all operations and services divisions 
of the company’s processing plants, 
and sales and distribution centers 
throughout the United States. 


New assignments at the General 
Foods Research Center announced 
recently inelude three IFT Mem- 
bers. Appointed director of scien- 
tific research is Dr. B. F. Daubert, 
formerly director of 
chemieal research. Dr. Daubert, 
who joined General Foods in 1954, 
will have responsibility for basic 
chemical, engineering and analyti- 
cal research, 


associate 
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Dr. Domenic DeFelice has been 
named director of scientific devel- 
opment. His activities will include 
direction of the development of 
new and improved products, ap- 
plied produet and 
nology, and the research services 
function. Dr. DeFelice had been 
associate director of product de- 
velopment 1959, and has 
been with GF sinee 1943. 

Dr. H. B. Smith, who has been 
associate director of planning, be- 
comes director of plan- 
ning. Dr. Smith, who joined GF 
in 1951, will 
coordinating the activities of Re- 
search Center teams, 
technical business opportunity 


process tech- 


since 


research 
be responsible for 
planning 


searching and technical opportu- 
nity searching. 


V. C. Mehlen- 
bacher has been 
named head of 
the newly-estab- 
lished Quality 
Control Depart- 
ment at Swift 
& Company, 
with headquar- 
ters at the Gen- 
eral Offiee in 
Chicago. Mr. 
Mehlenbacher, Charter Profession- 
al Member, started his career with 
Swift in 1926, and since 1948 has 
been the company’s chief chemist. 
He has made outstanding contri- 
butions to agriculture and food 
chemistry, nationally and inter- 
nationally. 


V.C. Mehlenbacher 


Minute Maid Corporation’s Cit- 
rus Products Division, has an- 
nounced the promotion of Kenneth 
E. Gerttula to Assistant Director 
of Sales. Mr. Gerttula has been 
Western Regional Manager for the 
Citrus Products Division 
joining Minute Maid Corporation 
in November, 1959. In his new 
position, he will be working on 
the development of sales, new 
markets, and promotional activi- 
ties. He is a food technology grad- 
uate of Oregon State College. 


since 
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The appointment of Thomas W. 
Heafy as Food Technologist in the 
Product Development and _ Re- 
search Department of Archibald 
& Kendall, Ine. 
was announced 
recently. He 
will work with 
spices, season- 
ings, cures and 
related food in- 
gredients for 
the meat 
ing industry 
and in the de- 
velopment of 
seasonings for the 


pack- 


T. W. Heafy 


formulated 


frozen food industry, canners and 
other food processors. Mr. Heafy 
is a graduate of Rutgers Univer- 
sity and was formerly with Wei- 
land Paeking Company and Grif- 
fith Laboratories. 


Dr. Donald L. Robach has joined 
the Merck Chemical 
Merck & Co., Ine. as meat products 
He will specialize in 


Division of 


technologist. 


applied research and_ technical 
service for tne meat industry. Dr. 
Robach received a B.S. in 1953 at 
Aquinas College, Grand Rapids, 
Michigan, and obtained his doctor- 
ate at Michigan State University. 
He was previously employed by 
Armour & Co. as a supervisor in 
the food research and quality con- 


trol area. 


Edward A. 
Alesch has re- 
cently been pro- 
moted to the 
post of Techni- 
eal Service 
Manager at 


Western Con- 
densing Com- 
pany Mr. 


Alesch has been 
with Western 
since 1947 in product development, 
technical service and sales capaci- 
ties, and he has been associated 
with the dairy and baking indus- 
tries for 25 years. 


E. A. Alesch 


Dr. Stephen S. Chang, until re- 
cently a senior research chemist 
with the A. E. Staley Company, 
has been ap- 
pointed 
ate professor in 
the Department 
of Food Science 


associ- 


at Rutgers Uni- 
versity. Dr. 
Chang earned a 
B.S. in chemis- 
try at Chi Nan 
University, and 
an M.S.in chem- 
istry and biochemistry from Kan- 
sas State University. He then re- 
ceived a Ph.D. in food technology 
and organic chemistry from the 
University of Illinois. Prior to his 
three year association with Staley, 
he worked two years as research 
chemist with Swift & Co. 


S. S. Chang 


Vie-Del Grape Products Co. re- 
cently announced that Mr. M. S. 
Nury has been elected Vice-Presi- 
dent. He has been with Vie-Del 
since 1954 and has served as As- 
Manager for the 
past two years. Mr. Nury is a 
graduate of the University of Cali- 
fornia, holding a B.S. degree in 
chemistry and a M.S. degree in 
food technology. 


sistant General 


Two IFT Members, William P. 
Clinton and William L. Porter, 
have recently been named by the 
Maxwell House Division of Gener- 
al Foods Corp. Mr. Clinton has 
been promoted to the newly-cre- 
ated position of Product Develop- 
ment Division 
Research This new 
position, Maxwell 


recognize 


Associate in the 
Department. 

aceording to 
House, is designed to 
highly specialized and advanced 
knowledge in the field of coffee 
technology, with which Mr. Clin- 
ton has been associated for 18 
Mr. Porter joined the Div- 
ision Research Department as an 
Associate Chemist in the Product 
Technology Section. He is a grad- 
uate of Illinois Institute of Tech- 
nology and holds a B.S. degree in 
He received his 
technology 


years. 


food engineering. 
M.S. degree in food 
from Purdue University in 1958. 
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union tee 
straight union 


% union elbow 


bulkhead 


elbow 


bulkhead reducer union 


bulkhead 


reducer elbow male adaptor 


simplity 
tubing connections with 
Vari-Grip’ Tetion Fittings 


No need to labor over glass ball 
joints or other intricate fittings or 
connectors with the new Beckman 
Vari-Grip* Teflon Tube Fittings. 
Simply insert glass or metal tubing 
into fitting and tighten nut for a 
perfect compression seal. Fitting 
design permits considerable 
variation in tube size. Since Teflon 
is more inert than glass it is 
unaffected by most liquids and 
gases. { A complete listing of 
time-saving Beckman Vari-Grip 
Fittings by size, type, and price is 
available from authorized Beckman 
laboratory apparatus dealers. 

Or write for Data File 84-2-09. 
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Reckman Inatrumenta. In 
2500 Pullerton Road 


Fullerton, California 
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Three IFT Members recently 
joined the Thomas J. Lipton Re- 
search Organization. Dr. Enio 
Feliciotti is named assistant to Dr. 
Roy E. Morse, Director of Techni- 
cal Research. Formerly Manager 
of Customer Research at the: Hazel 
Atlas Glass Division of Continen- 
tal Can Company, Dr. Feliciotti 
received his B.S. and M.S. degrees 
from Boston University and _ his 
Ph.D. from the University of Mas- 
sachusetts. Dr. Robert V. Decar- 
eau, formerly of the Raytheon 
Company in Waltham, Mass., 
where he did research on high fre- 
quency heating, has joined Lipton 
to work on dehydration research. 
Norman S. Creswick, formerly 
with Wallace-Tiernan, Inc. in Bel- 
leville, New Jersey, has been as- 
signed to protein research and its 
applications to Lipton products. 
He holds a B.S. degree from Wag- 
ner College. 


Dr. Arthur M. Kaplan, U. 38. 
Army Quartermaster Research 
and Engineering Center, Natick, 
Massachusetts, has been elected 
President of the Society for In- 
dustrial Microbiology. Dr. Kaplan 
also is serving as Vice-chairman of 
the Steering Committee of the Gor- 
don Research Conference on Mi- 
crobiological Deterioration and is 
the United States member of the 
International Committee for 
Standardization of Tests for Re- 
sistance of Material Against Fungi. 


SITUATIONS WANTED 


Unless otherwise specified, particulars on 
the following individuals may be obtained 
by writing: Executive Secretary, Insti- 
tute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. Request by box 
number. 


FOOD TECHNOLOGIST - CHEMIST. 
Extensive experience in confectionery 
and allied fields. Supervision of product 
development, process improvement, 
quality control and plant production. 
Also experienced as technical sales 
service representative. Desire high level 
position in plant operations or in tech- 
nieal sales service. REPLY BOX 835. 


Technical Service and/or Product De 
velopment position desired by Food 
Technologist. Experience cereal 
chemistry, baking technology, fats and 
oils. Salary #8000. REPLY BOX 836. 
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AVAILABLE: CONSULTANT. Ph.D. 
in Nutrition and Biochemistry. Can help 
you develop diet foods, nutritional sup- 
plements; handle F.D.A. contacts, tech- 
nical writing, clinical studies, animal 
studies, ete. REPLY BOX 834. 


Technical service in the dairy and meat 
industry interests young food technology 
graduate. Also interested in food inspee- 
tion. Salary, $6,500. REPLY BOX A-43. 


Industzial research, product development 
or quality control work with fruits and 
vegetables interests recent food tech- 
nology graduate. Salary, $6,000. REPLY 
BOX A-52. 


FOOD TECHNOLOGY, FEBRUARY, 1961 


Experienced individual with M.S. in 
dairy mfg. desires line management or 
manager of product development posi- 
tion. REPLY BOX A-341. 


Another new food technology M.S. with 
a B.S. in baeteriology desires academic 
research and/or teaching position, with 
emphasis on microbiology. She has had 
two years experience in academic re- 
search. Salary, $6,000. REPLY BOX 
A-343. 


POSITIONS AVAILABLE 


Unless otherwise specified, particulars on 
the following positions may be obtained 
by writing, including the company name 
of your current employer: Executive Sec- 
retary, Institute of Food Technologists, 
176 West Adams Street, Chicago 3, Illi- 
nois. Request by box number. 


M.S. with experience in food manufac- 
turing desires position as food technolo- 
gist, bacteriologist, or in production. 
Salary, $8,500. REPLY BOX A-318. 


Young Ph.D. desires commercial re- 
search and development position which 
deals with poultry, eggs, or meats. 
Salary, $8,000. REPLY BOX A-606. 


Administrative position desired in area 
of product development, industry re- 
search or quality control by experienced 
M.S. Salary, $10,800. REPLY BOX 
A-302. 


Individual with Ph.D. in bacteriology 
desires post doctoral fellowship in a 
university or a similar position in in- 
dustry. Salary, $7,000. REPLY BOX 
A-628. 


M.S. with experience in dairy, cereals, 
and beverages desires position similar to 
director of development and research. 
Salary, $15-20,000. REPLY BOX A-301. 


Research and development and quality 
control interest man with ten years ex- 
perience in the latter. Product prefer- 
ence lies within the area of dehydrated 
and freeze dehydrated foods. Salary, 
$8,400. REPLY BOX A-107. 


individual with heavy experi- 
product development, produc- 
and quality control 
and laboratory su- 
He holds an Se.D. 
Salary, $9,000. 


Mature 
ence in 
tion, engineering, 
desires production 
pervision position. 
in colloid chemistry. 


REPLY BOX A-634, 


Industry research, product development 
and academic research are respective 
areas of interest to young, available, 
Ph.D. food technologist. Salary, $8,000. 
REPLY BOX A-636. 


Mature individual with a preference for 
and experience in fruit and vegetable 
production and procurement wishes po- 
sition involving field work in processing 
erops. Also interested in extension edu- 
eation. Salary, $7,000. REPLY BOX 
A-108. 


Industry research position in food tech- 
nology desired by Ph.D. Experience in- 
cludes eight years in industry research 
and three years in quality control. 
Salary, $11,000. REPLY BOX A-637. 


Heavy experience in product develop- 


Quality control, packaging, and preser 
vation of poultry products interest new 
Ph.D. in food science. Position prefer- 
ences also include product development 
and industry or academic research. 
Salary, $8,000. REPLY BOX A-639. 


ment, quality control, and technical 
service are characteristics set forth by 
Ph.D. in chemistry who desires to work 
with flavors, cereals and baked goods. 
Salary, $10,000. REPLY BOX A-638. 


B.S. in biochemistry desires lab and/or 


with B.S. in food tech- 
nology desires position in product de- 
velopment, production, technical sales, 
technical service, packaging, or quality 
control. Salary, $8,000. REPLY BOX A-2. 


1950 graduate 


panel research, or statistical quality 
control manager position. Product 
preferences include edible nuts, con- 
fections, and deep fat fried products. 
Salary, $8,500. REPLY BOX A-106. 


FOOD 
TECHNOLOGIST 


Opportunity for young Food 
Technologist or chemist to 
help pioneer development of 
packaging materials for de- 
hydrated foods at recently 
completed facility in Bell- 
wood. Newness of field and 
potential of product provide 
opportunity for unlimited fu- 
ture growth. Degree and 
some food experience essen- 
tial to man looking into the 
future. Write Assistant Per- 
sonnel Manager. 


ARMOUR GROCERY 
PRODUCTS DIVISION 


1355 W. 31st Street 
Chicago 9, Illinois 


Experienced man desires quality control, 
product development, or production posi- 
tion in the area of vegetables and fruits. 
Salary, $12,500. REPLY BOX A-8. 


Recent chemistry-biology graduate de- 
sires laboratory technician or chemist 
position. Her major experience consists 
of five years in quality control. Salary, 
$4,200. REPLY BOX A-62. 


1956 graduate with B.Se. in Home Eco 
nomies indieates she is interested in a 
product development or food promotion 
position. Salary, $6,200. REPLY BOX 
A-25. 


Quality control position with primary 
emphasis on frozen foods desired by 1955 
food technology graduate. Salary, $5,800. 
REPLY BOX A-30. 


1957 chemistry graduate interested in 
cereals, baked goods, and fats and oils, 
desires production, technical service or 
quality control position. Salary, $7,200. 


REPLY BOX A-74, 


Bacteriology graduate desires production 
or quality control position as food tech- 
nologist to work with canned foods. 
Salary, $7,000. REPLY BOX A-77. 


Position involving supervision of qual- 
ity control or technical sales desired by 
food technology graduate. Product de- 
velopment position also of interest. 
Salary, $8,400. REPLY BOX A-327. 


and vegetables interest indi- 
seeking position as food tech- 
in either research or quality 
Salary, $6,000. REPLY BOX 


Fruits 
vidual 
nologist 
control. 
A-336. 


Technical service position desired by 
individual interested in dairy products. 
Interest range also includes quality con- 
trol and research. Salary, $8,000. RE- 
PLY BOX A-325. 


Cereal 
Chemists 


Large national organization re- 
quires Cereal Chemists with experi- 
ence in baking technology and the 
ability to lead a small research and 
development group. Must be free 
to travel. Salary commensurate 
with experience. Liberal benefits, 
insurance and retirement programs. 


Please submit résumé stating edu- 
cation, professional and personal 
background and salary require- 
ments. All replies will be held con- 
fidential. Reply BOX 832. 


M.S. in food science desires position as 
production manager. All experience has 
been in this area. Salary, $11,000. RE- 
PLY BOX A-326. 


Excellent opportunity for Food Tech 
nologist—technical sales service work 
supporting national industrial sales or- 
ganization. Should have B.S. in Food 
Technology or equivalent with experi- 
ence in Production, Quality Control or 
Technical Sales. REPLY BOX 822. 
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RESEARCH FELLOWSHIPS in nu- 
trition or Food Technology leading to 
a Ph.D. degree in one of several uni- 
versity departments, depending on stu- 
dent’s interest. Stipend $230/month 
and up. Write to J. B. Brown, Director, 
Institute of Nutrition and Food Teeh- 
nology, Ohio State University, 1645 
Neil Avenve, Columbus 10, Ohio. 


FOOD TECHNOLOGY, FEBRUARY, 


Senior flavor chemist. East coast loea- 
tion. Ten years experience and B.S. in 
chemistry or equivalent, to create and 
improve flavor compounds in the essential 


oil field. REPLY BOX P-604. 


1961 


Frozen Apple Slice Packer Needs Plant 
and Equipment Design and Layout 
Engineer with Interest in Product Re 
search. Graduate Education Engineer 


Major. REPLY BOX 833. 


Food technologist. Eastern location. B.S. 
degree and no experience required, to 
conduct research investigations for prod- 
uct development. REPLY BOX P-606. 


Production trainee. Western location. 
B.S. or B.A. in food technology or re- 
lated fields required for above position 
in fruit and vegetable canning opera- 
tions. REPLY BOX P-700. 


Food technologist. Midwest location. B.S. 
in food technology or chemistry with 5-8 
years experience. Considerable travel to 
customers with product applica- 
REPLY BOX P-633. 


assist 
tions. 


| PROFESSIONAL DIRECTORY 


COMPLETE SERVICE... 
for the FOOD INDUSTRY! 


Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 


ASSOCIATES 
Louwis 8, Mo. 1-5922 


Southwestern location. 
graduate or experience 
required, to do 


REPLY BOX 


Food technician. 
Food technology 
in eannery laboratory 
quality eontrol work. 
P-635. 


Instructor in research. Midwest loca- 
tion. Background in chemistry, bae- 
teriology, or statisties necessary to work 
in quantity food research program in a 
College of Home Economics. REPLY 
BOX P-701. 


Packaging technologist. West coast loea 
tion. Film experience and B.S. in related 
field, to develop new packaging. Some 
travel. REPLY BOX P-637. 


__FOUNDED 1922 
and 
esearch Keaaberateries 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 
BERNARD L. OSER, PH.D., PRESIDENT AND DIRECTOR 


Western location. 

experience in fruit 
preferred. Administrative 
sales and research. REPLY 


College degree and 
juices and flavors 
position in 


BOX P-705. 


Chemist. Midwest location. B.S. in 
chemistry with 2-5 years industrial labo- 
ratory experience. Varied chemical work, 
particularly analytical chemistry. Re- 
search and production involved. REPLY 
BOX P-640. 


Analytical chemist. Midwest location. 
B.S. in food chemistry or analytical 
chemistry, to fill position involving gen 
eral analytical chemistary as related to 
various types of food products. REPLY 
BOX P-711. 


Flavor chemist. Midwest loeation. Ex 
perienced compounder to aid in flavor de- 
velopment and production. Organoleptic 
acuity essential. REPLY BOX P-641. 


Food Technologist. Midwest location. 
B.S. in food technology or related areas 
required, Position entails food product 
development with all commodities. RE- 


PLY BOX P-712. 


Jr. technologist. Eastern location. Bache- 
lor’s degree and no experience required 
for performing laboratory experiments 
and instructing others in routine lab 


work, REPLY BOX P-653. 


SPECIALIZED PLACEMENT 
Service For Men 
In The Field Of 
FOOD TECHNOLOGY 
Our clients are—National—Our Serv- 
ice—Confidential—rapid—effective 


Forward a resumé—or, if you have not 
prepared one—mail your name and ad- 
dress for further information to 


TOM WHITE 
DRAKE PERSONNEL, INC. 
29 E. Madison Chicago, Il. 
Tel. FI 6-8700 


technologist—cereal and baked 
products. Midwest location. B.S. with 
some graduate work completed. Product 
development work on cereal products for 
armed forees rations. REPLY BOX 
P-713. 


Food 


Assistant technologist. Eastern location. 
B.S. and 2-3 years experience, to conduct 
advaneed laboratory experiments on pilot 
plant development. REPLY BOX P-654. 


Food technologist. Eastern location. B.S. 
in food technology or chemistry with 0-2 
years experience in meat, cereal and bak- 
ing, or canning, to develop applications 
of products to the food industry. RE- 
PLY BOX P-656. 


Compounder-flavorist. West coast loca- 
tion. Minimum education of B.S., plus 
experience in flavor compounding and 
aromaties blending. Position entails 
compounding and formulation of flavor- 
ing materials. REPLY BOX P-714. 


Technical service representative. Mid- 
west, south, or eastern location. B.S. with 
experience in packaging, processing, or 
customer service, to provide technical 
service to users of compressed gases. RE- 
PLY BOX P-661. 


PROFESSIONAL SERVICES 
Since 1869 Schwarz Laboratories has been 
laboratory and technical service 
cod and beverage industries. 
thorough, expert advice on food 
problems of all types, analyses, flavor 
evaluations, product development, and le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 
SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 
Phone- MO 4-1100 Cable: Swoknip 


Technical sales. West coast locations. 
B.S. degree or better, plus sales experi- 
ence or experience in use of flavors and 
flavored products. Technical assistance 
to the eustomer, and sales, both in- 


volved. REPLY BOX P-715. 


Research chemical engineer. Midwest lo- 
eation. B.S. in chemical engineering, to 
conduct pilot plant product and process 
development studies. REPLY BOX 
P-664, 


Flavor chemist. 


ity to create and duplicate flavors most 


important for experienced person, prefer- 


REPLY BOX P-603. 


ably with degree. 


Midwest location. Abil- 


Section head, frozen foods. East coast 
location. B.S. or M.S. in food technology 
or chemistry with 3 years frozen food de- 
velopment laboratory experience, to head 
frozen food section of development labo 
ratory. REPLY BOX P-667. 


Food technologist, bakery products. East 
coast location. B.S. in food technology or 
allied science and 2 years experience, to 
aid in product development of prepared 
mixes. REPLY BOX P-668. 


Customer Research Trainee. B.S. with 
up to two years experience in research 
or technical service, for position in- 
volving service to metal container pack- 
aging industry. REPLY BOX P-692. 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 


Feeds, Packaging —Toxicological, 
Mycological and Bacteriological 
Investigations 


United States Testing Co., Inc. 


1415 Park Ave., Hoboken, N 


Eastern location. B.S. 
or M.S. in food technology with 0-2 
years experience, to conduct applied 
research in laboratory and pilot plant. 


REPLY BOX P-614. 
26 


Research chemist. 


Product development. Southern loca- 
tion. B.S., M.S., or Ph.D. for produet 
development in frozen and canned sea- 
foods and animal items. Bacteriologi- 
eal and chemical studies involved. RE- 
PLY BOX P-728. 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217, Madison 1} 
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Make the taste test. . . the cost test 
. and you'll decide on Planifoline 
. available in one to 10-fold con- 

centrates, oleoresins, and imitation 

vanilla sugars of varied strengths. 


EXECUTIVE OFFICES: 900 VAN NEST AVE., (BOX 12) NEW YORK 62, N.Y. 
CHICAGO 6 « LOS ANGELES 21 


e Boston e Cincinnati e Detroit e Dailas e New Orleans 
e St. Louis © San Francisco 


Sales Offices im Frincipal Foreign Countries 


the vanilla TEST 
nce) 
) 


Flavor It 
With 
A Favorite 


Exclusive Basic Materials for: Candy and Chewing Gum, Dairy Products (Ice 
Cream and Cheese), Soft Drinks, Desserts (Puddings and Gelatins), Meat Prod- 
ucts, Syrups, Bakery Products (Cake Mixes, Crackers, Snack Iterns), Pharmaceu- 


tical Products, Liquors and Cordials. 
Write on your letterhead for free samples 


NORDA, 601 W. 26 St., New York 1, N.Y. * Chicago * Los Angeles * San Francisco * Toronto * Montreal * Havana * London * Paris * Grasse * Mexico City 
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